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CHAPTER 1 


GENERAL INFORMATION 


l-lo INTRODUCTION . 

1-2, SCOPE. This technical manual describes the Data Processing Set (figure 1-1), 
AN/UYK-20(V), hereafter generally called the DPS. The manual documents all vari¬ 
ations of the DPS in existence at time of publication, and provides the information 
normally necessary to install, operate, and maintain it. 

1-3. MANUAL ORGANIZATION. This technical manual is divided into ten chapters. 
Chapter 9, Equipment Diagrams, is in a separate B-size volume. Chapter 10 is in a 
separate A-size volume and documents the maintenance/diagnostic program. Chapters 
1 through 8 are in this volume; a brief description of each chapter follows. 

1-4. Chapter 1 - General Information. Chapter 1, General Information, contains a 
brief description of the DPS and a basic explanation of the functions or operations 
it performs. It also contains a quick reference table of the equipment character¬ 
istics, and lists of recommended tools and associated equipment. 

1-5. Chapter 2 - Operation. Chapter 2, Operation, describes the operating controls 
and indicators, gives instructions for manual operation, and lists the repertoire of 
computer macro instructions and micro instructions. 

1-6. Chapter 3 - Functional Description. Chapter 3, Functional Description, des¬ 
cribes the internal operation of the DPS on the basis of primary block diagrams and 
functional block diagrams. 

1-7. Chapter 4 - Preventive Maintenance. Chapter 4, Preventive Maintenance, pro¬ 
vides scheduled procedures for ensuring that the DPS is in optimum operating condi¬ 
tion. 

1-8. Chapter 5 - Troubleshooting. Chapter 5, Troubleshooting, suggests ways to 
use all data contained in this manual when troubleshooting, and provides procedures 
for isolating various faults. 

1-9. Chapter 6 - Corrective Maintenance. Chapter 6, Corrective Maintenance, pro¬ 
vides information for removal, replacement, reinstallation, and repair of parts and 
assemblies. 

1-10. Chapter 7 - Parts List. Chapter 7, Parts List, lists and describes the 
replaceable electrical and mechanical parts. 

1-11. Chapter 8 - Installation. Chapter 8, Installation, contains information con¬ 
cerning equipment installation, including outline drawings to illustrate space 
requirements and to aid in interconnecting to other equipment. 

1-12. Appendices. Appendices following Chapter 3 contain detailed descriptions of 
the macro and micro instruction repertoires and a glossary of unique terms. 
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1-13. FUNCTIONAL DESCRIPTION 0 


1-14. The Data Processing Set AN/UYK-20CV) meets the various processing require¬ 
ments of Naval shipboard, land-based, and submarine combat systems. It is a mod¬ 
ular, medium-scale, general purpose digital data processing device using a micro¬ 
programmed control structure. The microprogram consists of micro instructions and 
control data stored in a read-only memory (ROM). The computer operates from a 
stored program of macro instructions read from main memory to perform arithmetic 
operations, solve real-time problems, control other equipment, and perform a 
variety of other data processing operations. It performs two's complement integer 
arithmetic using signed numbers. Its logic construction is parallel. The basic 
word length is 16 bits which may be handled as 8-bit bytes (such as ASCII charac¬ 
ter codes), as 16-bit words, or as double-length 32-bit words. It has memory 
addressing capability of up to 65K 16-bit words which may be treated as groups of 
pages for relative (virtual) addressing. The memory cycle time is 750 nanoseconds. 
The DPS communicates with peripheral equipment through an I/O controller containing 
up to 16 channels, which may be parallel or serial channels or a mixture of both. 

It has an interrupt structure, dependent on priority assignments, which permits 
interruption of the normal program sequence to perform special functions. It allo¬ 
cates a portion of micro-memory for a user-defined microprogram. It has a real 
time clock and a monitor clock which operate either from an internal oscillator or 
from an external clock input. 

1-15. Figure 1-2 is a simplified block diagram of the DPS. The sections shown are 
functional divisions, not separate physical entities. The processor/emulator per¬ 
forms the arithmetic and data processing operations as directed by a program of 
instructions. The I/O circuits transfer data between the DPS and peripheral equip¬ 
ment. The main memory stores instructions, operands, and other data. The proces¬ 
sor, I/O, and memory interface circuits are under the control of a microprogrammed 
controller (MPC) operating from its own microprogram stored in a read-only memory. 
Data transfers between the major elements occur over two 16-bit bidirectional 
busses: a source bus and a destination bus. Control signals between sections do 

not use the busses, but are wired directly. 

l-16 c CONTROL PANELS. The DPS has two control panels: an operator's panel and a 
maintenance panel. The panel controls provide for applying and removing power, 
starting and stopping operations, operating in different modes, master clearing 
(master reset), controlling programmed stops, and for other manual control or manip¬ 
ulation of the DPS. The panel controls permit displaying and manually modifying 
register contents through the register display. The registers that can be dis¬ 
played and modified are the general registers, the P register (program address 
register), the memory address register, the U register (macro-instruction register), 
status register #1, status register #2, the real-time clock registers, the break¬ 
point register, the I/O control memory, the micro-address register, and the micro¬ 
instruction register. A detail description of the operating controls is contained 
in Chapter 2. 

1-17. MICROPROGRAMMED CONTROLLER (MPC). The MPC provides all control functions for 
the DPS to execute the program stored in main memory. The MPC has its own micro¬ 
program (also called firmware) stored in a read-only memory that the MPC executes 
to provide the control functions and data manipulations. All registers and logic 
networks in the DPS are addressable by the micro-instructions. For each macro¬ 
instruction read from main memory, several micro-instructions are used by the MPC 
to provide control, timing, and data transfers necessary to execute the macro- 


1-2 





I 

CO 


Figure 1-2. Simplified Block Diagram 









instruction. In effect, the microprogram replaces some of the control logic that 
would otherwise be required to execute the macro-instruction. 

1-18. The MPC receives an Emulator Control Word (ECW) from the processor for each 
macro-instruction read from main memory. The ECW contains control bits and an 
address pointer. The address pointer is the starting address of a microprogram 
subroutine which the MPC uses to execute that particular micro-instruction. When 
a subroutine is completed, the MPC branches to a microprogram subroutine to read 
the next instruction from main memory. 

1-19. The MPC also controls the panel display function. 

1-20. PROCESSOR/EMULATOR. The processor/emulator contains logic circuits which 
augment the MPC. It contains an instruction register to hold the macro-instruction 
during execution and other registers and subsections that operate under MPC control 
to form an efficient general purpose processor. These include the general regis¬ 
ters, status register, real time clock and monitor clock registers, interrupt con¬ 
trol, and high-speed shift and multiply circuits. 

1-21. An instruction is fetched from main memory and loaded into the instruction 
register by the MPC via the source bus. The instruction is translated and the 
processor sends an Emulator Control Word (ECW) to the MPC. Each instruction has 
its own ECW which is stored in a small ROM, The ECW directs the MPC in execution 
of the instruction. 

1-22. MEMORY INTERFACE. The memory interface handles the transfer of information 
between the processor or the MPC and main memory, and between I/O control and main 
memory. An I/O channel memory request has priority over a program request. The 
memory interface is asynchronous, using requests and acknowledges. It initiates 
the memory for a read or write operation and sends a 16-bit address to memory. The 
data word transferred between the memory interface and memory also contains 16 bits. 

1-23. The memory interface section contains a 192-word non-destructive readout 
(NDRO) memory. Access to the NDRO is controlled by the condition of the NDRO mode 
bit in the status #1 register. When the bit is clear, addresses from 00-77 (octal) 
and 300 to 477 (octal) are read from the NDRO memory instead of the main memory. 

1-24. MAIN MEMORY. The main memory provides storage for the macroprogram. It is 
available in 8192-word (8K) increments to a maximum of 65,536 words (65K). Word 
length is 16 bits and the main memory cycle time is 750 nanoseconds nominal. 

1-25. I/O CONTROL. The I/O Control section provides for communication between the 
DPS and peripheral equipments, including up to sixteen I/O channels. The system 
provides asynchronous parallel I/O channels, expandable in groups of four channels, 
and/or serial channels, expandable in groups of two channels, to a possible com¬ 
bined total of 16 channels. The channels within a group must have identical inter¬ 
face characteristics. All channels are fully duplexed to permit input and output 
transmissions to occur simultaneously. 

1-26. The parallel I/O channels operate with either a Naval Tactical Data System 
(NTDS) Fast (-3v), an NTDS Slow (-15v), or an ANEW (+-3.5v) interface. They are 
capable of operation in single word (16 bit) mode or dual word (32-bit) mode. Both 
single and dual channels are capable of operation in an Intercomputer mode. Dual 
channels are also capable of operation in a UYK-7 compatible Externally Specified 
Addressing (ESA) mode when so requested on the initial equipment order. 
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1-27. The NTDS serial I/O channel is an asynchronous double word length (82 hi'i 
data communication channel formed from two adjoining 16-bit channels. Each !(>-!•!.? 
channel requires one coaxial cable for input and another for output. Information 
is transmitted using bi-polar f phase modulated, serial pulse trains. 

1-28. Synchronous serial channels provide communications at bit rates up to 9600 
bits per second (bps). They are capable of accepting an external clock signal. 

1-29. Asynchronous serial I/O channels may have any four of the following modula¬ 
tion rates selectable through the program: 75, 150, 300, 600, 1200, or 2400 baud. 
The four rates desired for each two-channel group must be specified at time of 
equipment order. The character interval consists of up to ten signal elements with 
equal time intervals: they comprise one start element, five to seven data elements, 
one character parity element, and one or two stop elements. 

1-30. POWER. The power section includes the power supply and power distribution 
circuits. This section converts ac input power into the dc power required for the 
logic circuitry and the memory. The power supply is regulated against input volt¬ 
age variations and transients, and it protects against output overload conditions. 

It has sufficient capacitor energy storage so that it continues to provide in-toler¬ 
ance output power for a minimum of 250 usee after an input voltage loss is detected, 

to permit storing the contents of the working registers before shutdown occurs. 

1-31. PHYSICAL DESCRIPTION . 

1-32. Figures 1-1 and 1-3 picture the DPS. Its nomenclature is AN/UYK-20(V) Data 
Processing Set for the 400 Hz configurations or AN/UYK-20X(V) for the 60 Hz config¬ 
urations. It consists of a single cabinet. A hinged door, called the Control- 
Indicator Unit, forms the front of the cabinet. Its front side contains an oper¬ 
ator’s control panel with the most essential controls and indicators. A more com¬ 
plete maintenance control panel is mounted on the back side of the door and is 

accessible with the door open. An alarm horn and the air intake grill and 

filter are also on this door 0 Immediately behind the door is the memory chassis, 
which is hinged and mounted on slides so it may be extended and completely exposed 
for servicing. Behind the memory, and accessible when the memory chassis is ex¬ 
tended, are the processor/IOC chassis and the power supply. The rear panel of the 
cabinet contains the power connector and grounding stud 0 The cabinet’s left side 
as you face the cabinet contains air exhaust grills for the power supply, processor/ 
IOC chassis, and memory chassis, each of which has its associated blower. Cabinet 
dimensions are given in Chapter 8 of this manual. 

1-33. The processor/IOC chassis is called the Processor-Verifier Unit. It contains 
two sizes of printed circuit cards. The processor circuits are mostly contained on 
single-width cards, as illustrated in figure 1-4, and the I/O circuits are mostly 
contained on triple-width cards, as illustrated in figure 1-5. The single-width 
circuit cards are single-layer boards with printed wiring on both sides; the triple¬ 
width cards are three-layer boards. Single width cards have one 56-pin connector; 
triple width cards have two connectors. Guide pins on the connectors are keyed to 
keep the cards from being inserted into the wrong jack, and the card shape keeps 
them from being inserted into their jacks backwards. The cards have test points 
along their top edges and a notch or square blivet identifies the first test point. 
The maintenance phii osophy expects faulty cards to be replaced, rather than re¬ 
paired. The rear panel of the processor/IOC chassis contains the I/O connectors. 
With the chassis removed from the cabinet this panel can be removed for access to 
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Figure 1-3 











the I/O connector wire wrap and the circuit card connector wire wrap. The proces¬ 
sor/IOC chassis is variable and may contain on* or more of the interface kits 
listed below, depending on the I/O types and interface levels required. Each kit 
consists of a set of circuit cards. 

1) Interface Kit, Slow, MK-l693/UYK-20(V) 

2) Interface Kit, Fast, Negative, MK-1694/UYK-20(V) 

3) Interface Kit, Fast, Positive, MK-1695/UYK-20(V) 

4) Interface Kit, Serial Synch, nomenclature not assigned. 

5) Interface Kit, Serial Asynch, nomenclature not assigned. 

6 ) Interface Kit, Fast Serial, nomenclature not assigned. 

7) Interface Kit, Slow Serial Synch, nomenclature not assigned. 

8 ) Interface Kit, Slow Serial Asynch, nomenclature not assigned. 

1-34. The memory is made up of three different types of circuit boards. These 
are the Memory Control Board (MCB); the Memory Data Board (MDB); and the Core 
Memory Unit, MU-604/UYK-20(V), generally called the Memory Array Board (MAB). 

Each MCB contains control and addressing circuits for up to 32K of memory; each 
MDB contains a data register and bit drivers for up to 32K of memory; and each 
MAB contains an 8 K x 16 bit core matrix, together with associated drivers and 
sense amplifiers. The memory chassis, with its full complement of two MCB and 
two MDB boards is designated the Control, Core Memory Unit. From one to eight 
Core Memory Units (MAB) are inserted into the chassis to produce the required mem¬ 
ory capacity, from 8 K to 65K words. A memory chassis containing optional MCB and 
MDB boards which have additional circuitry for a direct memory access (DMA) feature 
may be specified at time of order. According to the maintenance philosophy, faulty 
memory cards, like faulty processor/IOC cards, should be replaced, rather than 
repaired. 

1-35. The power supply is a single chassis, intended for replacement rather than 
on-site repair. It supplies all dc power needed by the DPS. The power supply 
exists in six configurations, depending on the input power requirements as follows: 

1 ) 115 Vac, 30 A , 400 Hz - PP 7032/UYK-20(V) 

2) 208 Vac, 30 7 , 400 Hz - Nomenclature not assigned 

3) 115 Vac, 10, 400 Hz - Nomenclature not assigned 

4) 115 Vac, 30 A , 60 Hz - Nomenclature not assigned 

5) 208 Vac, 30 7 , 60 Hz - Nomenclature not assigned 

6 ) 115 Vac, 10, 60 Hz - Nomenclature not assigned 
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Figure 1 4 . Typical Single-Width Circuit Card 



TO BE SUPPLIED 
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Figure 1-5. Typical Triple-Width Circuit Card 



1-36. REFERENCE DATA. 


* 



1-37. Table 1-1 lists the features of the DPS in quick reference format. 

1-38. EQUIPMENT. ACCESSORIES. AND PUBLICATIONS . 

1-39. Table 1-2 lists equipment, accessories, and publications normally supplied 
with the DPS. (Check specific ordering document.) 

1-40. EQUIPMENT REQUIRED BUT NOT SUPPLIED . 

1-41. Table 1-3 lists equipment not supplied with the DPS, but usually required 
for operation or for maintenance. 
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Table 1-1. Reference Data 


ITEM 


Input Power 


CHARACTERISTICS 

115 Vac + 5%, 3 phase (delta), 115 Vac + 7%, single 
phase, or 208 Vac + 5%, 3 phase (wye); 60 Hz + 5% or 


400 Hz + 5%; 1000 Watts max. 

Internal Power + 5 Vdc, + .3V, -.IV, 35 Amp., max. (Logic) 

+ 5 Vdc, +.25V, 17.5 Amp., max. (Memory) 

- 5.2 Vdc, + .3V, 10 Amp., max. 

+ 12 Vdc, +.6V, 1 Amp., max. 

+ 15 Vdc, + .3V, 12 Amp., max. 

- 5 Vdc, +.4V, 1 Amp., max. 

- 16 Vdc, +.8V, 2.4 Amp., max. 

100 mv max. combined noise and ripple on all voltages. 
Cooling Ambient air circulated by internal blowers, cu ft/ 


minute maximum. 


Operating Environment 


Size and Weight 


Functional Character¬ 
istics 


Maximum heat dissipation: 3400 BTU/hr (1000 watts) 
Operating temperature: 32° to 122°F.(0° to 50°C) 
Humidity: 95% maximum without condensation 
Nonoperating temperature: -40° to 167°F (-62° to 75°C) 
Height 20 in. max.; width 19 in. max.; depth 24 in. max., 
not including shock pins. 

Weight 200 pounds maximum. 

Micro-programmed control structure 

750 nsec basic cycle time 

Word length: 16 bits parallel 

65,536 word maximum memory size 

16 or 32 general registers 

Direct and multilevel indirect addressing 

Program controlled relative addressing 
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Table 1-1, Reference Data (Cont) 


ITEM 

CHARACTERISTICS 

Functional Character- 

Real-time clock register and Interrupt clock register 

istics (Cont) 

capable of operating from internal oscillator or external 

clock source. 

Breakpoint register; two status registers. 

Multiclass and multilevel interrupt processing. 


Running time meter. 

192-word bootstrap memory 

Power monitoring and auto restart 

Up to 16 input/output channels in any combination of 

parallel channels in groups of four and serial channels 


in groups of two. 

Processor-initiated I/O program chain. 

Parallel I/O Channel 

Processor-initiated program chain; Asynchronous; Full 

Basic Features 

duplex; (Buffer Control Memory; Single or Dual Channel 

(16-bit or 32-bit). 

Parallel I/O Channel 

Available in groups of four to total I/O complement of 

Options 

16 (the channels within each 4-channel group must have 

the same characteristics); NTDS Parallel Slow (-15 volt) 

interface; NTDS Parallel Fast (-3 volt) interface; ANEW 

Parallel (+ 3.5 volt) interface; Intercomputer or Normal 

mode, any channel. ESA mode on dual channel (AN/UYK-7 

compatible). 
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Table 1-1. Reference Data (Cont) 


ITEM 

CHARACTERISTICS 

EIA Standard 

Either asynchronous or synchronous modes. 

RS-232 Serial 

Full duplex. 

I/O Interface 

Buffer control memory. 

Available in groups of two channels. 

Modulation rate up to 9600 Bits/second in synchronous 

mode. 

Any four of the following bit rates (75, 150, 300, 600, 

1200, or 2400) program selectable per two channel group 

in asynchronous mode. (Rates to be specified on order.) 

Program selectable character size of 5, 6, 7, or 8 bits. 

Capable of loopback testing (diagnostic aid). 

j 

All interface lines of one channel in one connector. 

NTDS Serial 

Asynchronous mode. 

I/O Interface 

Full duplex. 

Each group consists of one output channel and one 

input channel. 

32-bit data word with sync bits, identifier bits, and 


control bits (input and output). 


Continuous communication between interface and 


peripheral equipment. 

Output channel - one coax cable. 
Input channel - one coax cable. 









Table 1-2. Equipment, Accessories, and Documents Supplied 



Table 1-3, Equipment and Publications Required But Not Supplied 


QTY 

PER 

EQUIP 

NOMENCLATURE 


NAME 

DESIGNATION 

REQUIRED USE 

2 

Technical Manual 

, Vol. 

1 

Not available 

Technical documentation 


Technical Manual 

, Vol. 

2 

Not available 



Technical Manual 

, Vol. 

3 

Not available 


1 

I/O Device 



Variable 

Provide input and output 






capabilities 

1 

Power Cable, 30 

or 


7098772-00 or 

To connect input power 


Power Cable, 10 



7098772-01 


Vari¬ 

able 

Input Cable 



7126392 

To connect parallel I/O 

Vari¬ 

able 

Output Cable 



7126393 

channels, if utilized 0 

Vari¬ 

able 

Serial I/O Connector 


7128005-00 

To connect MIL-STD-188 






or RS-232 channels, if 






utilized. 

2 

I/O End-around Test 


7126394-00 

For I/O channel testing 


Cables 





1 

Card Extractor, 

Memory, 


7128052 

To facilitate removal of 


Right Hand 




circuit cards 

1 

Card Extractor, 

Memory, 


7128053 



Left Hand 
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Table 1-3. Equipment and Publications Required But Not Supplied (Cont) 


QTY 

PER 

EQUIP 

NOMENCLATURE 


NAME 

DESIGNATION 

REQUIRED USE 

1 

Card Extractor, Logic 

7100903-00 


1 

Diagnostic Program Tape 

j 

Not available 

Troubleshooting 

•* 
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CHAPTER 2 


OPERATION 


2-1. INTRODUCTION . 

2-2. This chapter presents information concerning the use of the control panel and 
the maintenance panel, and also lists the repertoire of macroinstructions and micro¬ 
instructions. The control panel is located on the exterior of the DPS front access 
door (Control-Maintenance Unit). It contains the minimum of switches and indicators 
necessary for monitoring and controlling DPS operations. The maintenance panel is 
on the inside of the access door and is accessible only with the door opened. It 
permits operating in several modes at several rates, and permits inspecting and/or 
changing the contents of various registers. 

NOTE 

Operation of the DPS with the access door opened permits rf radiation. 

2-3. CONTROL PANEL SWITCHES AND INDICATORS . 

2-4. Figure 2-1 shows the control panel. Table 2-1 describes the panel's switches 
and indicators. 

2-5. MAINTENANCE PANEL SWITCHES AND INDICATORS . 

2-6. Figure 2-2 shows the maintenance panel. Table 2-2 describes the panel's 
switches and indicators. Table 2-3 describes the maintenance panel display select 
codes. 

2-7. OPERATING PROCEDURES . 

2-8. TURN-ON PROCEDURE. 

1. Operate switches on control panel and maintenance panel to initial settings 
per table 2-4. 

2. Operate CIRCUIT BREAKER ON/OFF switch to ON position. 

3. Operate POWER, BLOWER ON/OFF switch to ON position. Observe that POWER, 

BLOWER indicator lights and that blowers operate to discharge air from three 
exhaust grills on side of cabinet. 

4. Operate POWER, LOGIC ON/OFF switch to ON position. Observe that POWER, LOGIC 
indicator lights and that FAULT, POWER and OVER TEMP indicators do not light. 

NOTE 

Turning on power places the DPS in a master cleared state with Run mode 
selected. 

2-9. TURN-OFF PROCEDURE. Depress STOP and reverse above procedure, first turning 
off POWER, LOGIC, then POWER, BLOWER, and finally CIRCUIT BREAKER. 
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Figure 2-1. Control Panel 
















TABLE 2-1. CONTROL PANEL SWITCHES AND INDICATORS 


IDENTIFICATION 

TYPE 

FUNCTION 

CIRCUIT BREAKER 
ON/OFF 

Two-position 
toggle switch 

ON position enables primary power to 
the DPS. 



OFF position disables primary power to 
the DPS. 

BLOWER POWER 
ON/OFF 

Two-position 
toggle switch 

ON position enables power to the DPS 
cooling fans and enables LOGIC POWER 
ON/OFF switch function. 



OFF position disables power to the DPS 
cooling fans and disables LOGIC POWER 
ON/OFF switch function. 

BLOWER POWER 

Indicator (neon 
with white lens) 

When lit, indicates blower power is 
applied. 

LOGIC POWER 

ON/OFF 

Two-position 
toggle switch 

ON position enables power to the dc 
power supply. 



OFF position disables power to the dc 
power supply. 

LOGIC POWER 

Indicator (incan¬ 
descent with white 
lens) 

When lit, indicates dc power is 
applied. 

POWER FAULT 

Indicator 

When lit, indicates a Power Fault 
Interrupt has occurred. 

POWER FAULT CLR 

Two-position 
return-to-neutral 
toggle switch 

When momentarily operated to the CLR 
position, clears the POWER FAULT indi¬ 
cators on both the control panel and 
the maintenance panel. 

PROGRAM FAULT 

Indicator (red LED 
with clear lens) 

When lit, indicates a Program Fault 
Interrupt has occurred, caused by 
attempting to execute an illegal 
instruction. 

PROGRAM FAULT 

CLR 

Two-position 
return-to-neutral 
toggle switch 

When momentarily operated to the CLR 
position, clears the PROGRAM FAULT 
indicator on the control panel and 
the PROG FAULT indicator on the main¬ 
tenance panel. 

PROG RUN 

Indicator (green 

LED with green 
lens) 

When lit, indicates DPS is executing 
instructions in Run Mode. 
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TABLE 2-1. CONTROL PANEL SWITCHES AND INDICATORS (CONT) 


IDENTIFICATION 

TYPE 

FUNCTION 

OVER TEMP 

Indicator (neon 
with red lens) 

When lit, indicates DPS internal 
cabinet air temperature is within 

25° F of the maximum temperature at 
which the DPS can operate without 
component damage. 

ALARM 

Audible 

This alarm sounds if the ALARM ENABLE/ 
DISABLE/TEST switch is in the ENABLE 
position and the internal cabinet air 
temperature is within 25° F of the 
maximum temperature at which the DPS 
can operate without component damage. 

ALARM ENABLE/ 
DISABLE/TEST 

Three-position 
toggle switch 

ENABLE position enables the audible 
alarm function. 



DISABLE position disables the audible 
alarm function. 



TEST position causes the audible alarm 
to sound and the OVER TEMP indicator 
to light. 

BATTLE SHORT 
ON/OFF 

Two-position 
toggle switch 

ON position disables DPS over¬ 
temperature shutdown function. 



OFF position enables DPS over¬ 
temperature shutdown function. 

BATTLE SHORT 

Indicator (neon 
with red lens) 

When lit, indicates BATTLE SHORT 
switch is in the ON position. 

BOOTSTRAP 1-2 

Two-position 
toggle switch 

Selects one of two possible bootstrap 
programs in the NDRO memory. Operates 
in conjunction with the Op Code = 

40RR, 8=7 Conditional Jump macro¬ 
instruction and may be used, at pro¬ 
grammer's discretion, to control 
branching in other programs. 

LOAD/STOP 

Three-position 
return-to-neutral 
toggle switch 

When momentarily operated to the LOAD 
position, causes the DPS to execute a 
master clear, select Run mode, then 
begin executing the bootstrap program 
selected by the BOOTSTRAP 1-2 switch. 



When momentarily operated to the STOP 
position, causes the DPS to stop 
executing instructions if the com¬ 
puter is in the Run mode. 
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TABLE 2-2. 


MAINTENANCE PANEL SWITCHES AND INDICATORS 



--- 1 

TYPE 

FUNCTION 

AUTO START/START 

Three-position 
toggle switch 

When set to the AUTO START position, 
causes the DPS to begin executing 
instructions at NDRO bootstrap memory 
address 000000 when power is applied 
or is restored after a power failure. 



When momentarily operated to the 

START position, causes the DPS to 
begin executing instructions in the 
mode selected* 

STOP 

Two-position 
return-to-neutral 
toggle switch 

When operated to the STOP position 
while the DPS is executing instruc¬ 
tions in the Run mode, causes the DPS 
to stop executing macroinstructions. 

MA CLR 

Pushbutton switch 

When operated while the DPS is not in 

Run condition, the DPS resets to a 
master cleared state*. 



When operated while the DPS is in the 

Run mode, clears the FAULT indicators 
on the control and maintenance panels. 

BREAK PT 

READ/OFF 

Two-position 

toggle 

READ position causes the DPS to stop 
executing instructions after reading 
data from the memory address specified 
by the contents of the breakpoint 
register. OFF position disables the 
read stop. 

BREAK PT 

WRITE/OFF 

Two-position 

toggle 

I 

WRITE position causes the DPS to stop 
executing instructions after writing 
data in the memory address specified 
by the contents of the breakpoint 
register. OFF position disables the 
write stop. 

PROG RUN 

Indicator-switch 
(green LED with 
green lens) 

Indicator function: When lit, indi¬ 
cates the DPS is executing instruc¬ 
tions in the Run mode. 



Switch function: Selects run 
condition in microstep mode. 


* Master Cleared State: P register, status register #1, and status register #2 
cleared; real time clock and monitor clock disabled; page registers set equal 
to their own address; I/O channels cleared as specified for the 70RR, m - 0 
macroinstruction, and Normal Display selected. 
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TABLE 2-2. 


MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT) 


IDENTIFICATION 

TYPE 

FUNCTION 

POWER FAULT 

Indieator-switch 
(red LED with 
clear lens) 

Indicator function: When lit, indi¬ 
cates a Power Fault Interrupt has 
occurred. 



Switch function: When operated 
clears the POWER FAULT indicators 
on both the operator's control panel 
and the maintenance panel. 

PROG FAULT 

Indicator-switch 
(red LED with 
clear lens) 

Indicator function: When lit f indi¬ 
cates a Program Fault Interrupt has 
occurred caused by attempting to 
execute an illegal instruction. 



Switch function: When operated, 
clears the PROGRAM FAULT indicator 
on the operator’s control panel and 
the PROG FAULT indicator on the 
maintenance panel. 

PROGRAM STOP 

Indicator (red 

LED with clear 
lens) 

When lit, indicates a programmed stop 
has been executed. (40RR, A = 11, 12, 
or 13.) 

PROGRAM STOP 

1/OFF 

Two-position 
toggle switch 

In 1 position, causes a program stop 
when the DPS executes a jump macro¬ 
instruction (40RR with an A-value - 
12. 

PROG STOP 

2/OFF 

Two-position 
toggle switch 

In 2 position, causes a program stop 
when the DPS executes a jump macro¬ 
instruction (40RR) with an A-value = 

13. 

Time meter 

4 digit, OOOO to 
9999 

Records accumulated hours that dc 
power has been applied. 

DIAGNOSTIC 

JUMP 

Two-position 
toggle switch 

In the JUMP position, enables branching 
on the F = 14, M - 17 Branch micro¬ 
instruction. Its usage causes the DPS 
to jump from the operating micro¬ 
program. 



When used in connection with NORMAL 

DSPL, GENL DSPL, DISPLAY NUMBER = 

1111, and MICRO STEP it enables manual 
loading of the micro P register. (See 
paragraph 2-XX.) 
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TABLE 2-2. MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT) 


IDENTIFICATION 

TYPE 

FUNCTION 

DIAGNOSTIC 

DISPLAY 

Two-position 
toggle switch 

In the DISPLAY position while the DPS 
is in the Microstep mode. 



a. With MICRO ADRS set, REGISTER/ 

DATA displays the address of the 
next microinstruction to the exe¬ 
cuted. 



b. With MICRO INSTR set, REGISTER/ 

DATA displays the microinstruction 
currently being executed. 



c. With NORMAL DSPL set, REGISTER/ 

DATA displays the data on the 
source bus. 

PROCESSOR 

DISABLES: RT CLK 

DISABLE/INT/EXT 

Three-position 
toggle switch 

DISABLE position inhibits incrementing 
of the Realtime Clock Register and 
decrementing of the Monitor Clock 
register. 



INT position causes the Realtime-Clock 
Register and the Monitor Clock register 
to use the internal clock source for 
timing. s 



EXT position causes the Realtime Clock 
Register and the Monitor Clock register 
to use the external clock source for 
timing. 

PROCESSOR 

DISABLES: ADV P 

Two-position 
toggle switch 

Up position inhibits incrementing of 
the P-Register, thus causing the DPS 
to repeatedly perform one 16-bit macro¬ 
instruction. 

PROCESSOR 

DISABLES: 

INTERCMPTR 

TIME OUT 

Two-position 
toggle switch 

Up position inhibits the occurrence of 
a Class III Intercomputer Timeout 
Interrupt. 

MODE: MICRO 

STEP 

Indicator-switch 
(red LED with 
clear lens) 

Indicator function: When lit, indi¬ 
cates DPS is in Microstep mode to 
execute a single microinstruction. 

(To clear, depress DISPLAY SELECT CLR 
switch.) 



Switch function: When operated, places 
DPS in Microstep mode. 
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TABLE 2-2. MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT) 


IDENTIFICATION 

TYPE 

FUNCTION 

MODE: OP STEP 

Indicator-switch 
(red LED with 
clear lens) 

Indicator function: When lit, indi¬ 
cates DPS is in Op Step mode or in 
Microstep mode to execute a single 
macroinstruction. 



Switch function: When operated, 
clears Run mode and places DPS in Op 

Step mode, to execute one macro¬ 
instruction per operation of the 

START switch. 

MODE: RUN 

Indicator-switch 
(red LED with 
clear lens) 

Indicator function: When lit, indi¬ 
cates DPS is in Run mode or in Micro¬ 
step mode to execute successive 
instructions. 



Switch function: When operated, 
clears Op Step mode and enables the 

Run mode. 

DISPLAY SELECT 
CLR 

Pushbutton 
switch 

When operated, clears DISPLAY NUMBER 

0 through 3 and clears the Micro¬ 
step mode. 

ALTER MODE 
SET/CLEAR 

Two-position 
toggle switch 

In the SET position, 

a. Causes individual bit of register 
being displayed to set when corre¬ 
sponding REGISTER/DATA indicator 
switch is operated. 



b. Causes all bits of register being 
displayed to clear when REGISTER/ 

DATA SET/CLR switch is operated. 



In the CLEAR position, 



a. Causes individual bit register 
being displayed to set when 
corresponding REGISTER/DATA indi¬ 
cator switch is operated. 



b. Causes all bits of register being 
displayed to clear when REGISTER/ 

DATA SET/CLR switch is operated. 

REGISTER/DATA 
SET/CLR 

Pushbutton 

switch 

When operated, sets or clears the 
register being displayed in REGISTER/ 

DATA indicator switches 0 through 15, 
dependent on ALTER MODE SET/CLEAR 
position. 
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TABLE 2-2. MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT) 


IDENTIFICATION 


FUNCTION 


REGISTER/DATA 
0 through 15 


DISPLAY SELECT 


MICRO ADRS 


MICRO INSTR 


NORMAL DSPL 


INSTR REG 


GENL DSPL 


GENL REG 


DISPLAY NUMBER 
0-3 


Indieator-switches 
(red LED with clear 
lens) 


Indicator- switches 
(red LED with clear 
lens) 


Indicator function: Display contents 
of selected register. 

Switch function: Modify contents of 
selected register. 

Indicator function: When lit as 
specified in table 2-3, indicate 
REGISTER/DATA is displaying the 
corresponding register. Changing 
the contents of REGISTER/DATA changes 
the contents of the register being 
displayed. 

Switch function: When operated 
as specified in table 2-3, causes 
REGISTER DATA to display the corre¬ 
sponding register contents. 

Operation of any one of MICRO 
ADRS, MICRO INSTR, or NORMAL DSPL 
causes the other two to clear. 
Operation of any one of INSTR 
REG, GENL DSPL, or GENL REG causes 
the other two to clear. 
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TABLE 2-3. DISPLAY SELECT CODES 


MICRO ADRS 

MICRO INSTR 

NORMAL DSPL 

INSTR REG 

GENL DSPL 

GENL REG 

DISPLAY 

NUMBER 

3 2 1 

0 

REGISTER SELECTED 

1 

0 

0 

X 

X 

X 

X 

X 

X 

X 

iiP Register (should be 
(Note 2) 

in Microstep mode). 

0 

1 

0 

X 

X 

X 

X 

X 

X 

X 

pi Register (should be in Microstep mode). 
(Note 2) 

0 

0 

1 

1 

0 

0 

X 

X 

X 

X 

Instruction Register 


0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

P Register 


0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

Status Register #1 


0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

Status Register #2 


0 

0 

1 

0 

1 

0 

0 

0 

1 

i 

RTC Register, Lower 16 Bits 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

RTC Register, Upper 16 Bits 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

Breakpoint Register 


0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

I/O Control Memory (Note 1) 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

Page Register (I Rego_5 

selects register) 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

Memory Address (P selects address) 

0 

0 

.1 

0 

1 

0 

1 

0 

0 

i 

Output Data (I Reg A-field selects channel) 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

Monitor Clock Register (Note 2) 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

Load p.P (Note 3) 


0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

General Register RO ' ' 


0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

General Register R1 


0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

General Register R2 


0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

General Register R3 


0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

General Register R4 


0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

General Register R5 


0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

General Register R6 

> (Note 4) 

0 

0 

1 

0 

0 

1 

0 

1 

1 

1 

General Register R7 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

General Register RIO 


0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

General Register Rll 


0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

General Register R12 


0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

General Register R13 


0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

General Register R14 


0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

General Register R15 


0 

0 

1 

0 

0 

1 

1 

1 

1 

0 

General Register R16 


0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

General Register R17 ^ 



Note 1: I Reg A-field selects channel, M-field selects word. 
Note 2: May be displayed, but cannot be changed. 

Note 3: See paragraph 2-XX for load p,P procedure. 

Note 4: Status Reg #1 bit 14 - 0, selects gen. reg. set 1. 

Status Reg #1 bit 14 - 1, selects gen. reg. set 2. 
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TABLE 2-4. INITIAL SWITCH POSITIONS 


SWITCH 

POSITION 

Control Panel 


POWER-BLOWER ON/OFF 

OFF 

POWER-LOGIC ON/OFF 

OFF 

BOOTSTRAP-LOAD/STOP 

Neutral (center) 

BOOTSTRAP-1/2 

1 

CIRCUIT BREAKER ON/OFF 

OFF 

BATTLE SHORT ON/OFF 

OFF 

ALARM ENABLE/DISABLE/TEST 

ENABLE 

Maintenance Panel 


PROG STOP 1/OFF 

OFF 

PROG STOP 2/OFF 

OFF 

ALTER MODE SET/CLR 

SET 

DIAGNOSTIC JUMP 

Down 

DIAGNOSTIC DISPLAY 

Down 

RT CLK DISABLE/INT/EXT 

DISABLE 

PROCESSOR DISABLE INTERCMPTR TIME OUT 

Down 

PROCESSOR DISABLE ADV P 

Down 

BREAK PT READ/OFF 

OFF 

BREAK PT WRITE/OFF 

OFF 

AUTO START/START 

Neutral (center) 


2-10. MODE SELECTION. The DPS has three basic modes of operation. Run mode is the 
normal high speed operating mode. An Op Step mode and a Micro Step mode are pro¬ 
vided for their usefulness in troubleshooting. 

2-11. Run Mode. Run mode is selected automatically during an initial power-on or 
during an auto start after a power interruption. It may also be selected manually. 
With Run mode selected, without Micro Step mode selected operation of the control 
panel LOAD/STOP switch to the LOAD position or operation of the maintenance panel 
AUTO START/START switch to the START position causes the DPS to begin executing in¬ 
structions at its normal rate. To stop operate the control panel LOAD/STOP switch 
to the position or operate the maintenance panel STOP switch. In the stopped 
condition, in either Run mode or OP Step mode, the MPC cycles the console mode 
microprogram subroutine to permit monitoring and changing register contents. 

2-12. Op Step Mode. Selecting OP STEP clears RUN, and vice versa. In Op Step 
mode, the DPS executes one macroinstruction per operation of the maintenance panel 
AUTO START/START switch to the START position. 

NOTE 

In Op Step mode, the macroinstruction is completed before stopping. In 
some cases, the instruction register is modified during execution. 

Example: In Load Multiply macroinstructions, the A-field is incre¬ 
mented to equal M = 1 before stopping. 
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2-13. Micro Step Mode. With MICRO STEP selected, the DPS executes one microinstruc¬ 
tion at a time from the internal micro program. This permits stepping through in¬ 
structions and observing the actions resulting from each micro step. In Micro Step 
mode, the contents of the micro P register, the microinstruction register, or the 
source bus can be displayed, but the contents of other registers cannot be dis¬ 
played or changed because the MPC cannot cycle the console mode microprogram sub¬ 
routine. With MICRO STEP, RUN mode, and PROG RUN selected, the DPS performs one 
microinstruction per operation of the START switch. When the micro steps associated 
wiLh one macroinstruction have been completed, continued operation of the START 
switch causes micro stepping through the next macroinstruction. With MICRO STEP OP 
STEP and PROG RUN selected, each operation of the START switch also executes one 
microinstruction. However, when the first macroinstruction is completed, continued 
operation of the START switch causes microstepping of the console mode microprogram 
subroutine. 

2-14. PROGRAM LOAD PROCEDURE. 

1. Turn on DPS per paragraph 2-8. 

2. Ascertain that the loading device (eg. paper tape unit, magnetic tape unit, 
etc.) is ready for operation. 

3. Set BOOSTRAP 1, 2 switch on control panel to select correct bootstrap load 
program. 

4. Momentarily operate LOAD/STOP switch on control panel to LOAD position. This 
master clears the DPS initializing it for executing the NDRO bootstrap program, then 
starts operation. 

2-15. PROGRAM STARTING AND STOPPING. If the macro program to be run is already 
contained in the main memory, insert the program's starting address into the P 
Register through the REGISTER/DATA as described above. Then operate the START 
switch. The PROG RUN indicator will light, inidcating that the program is being 
run. A program may terminate with a STOP instruction, stopping the computer auto¬ 
matically. More likely, it will terminate with a jump instruction turning control 
of the DPS over to a continuously running executive macro program (often called 
operating system). In either case, the DPS can be stopped manually at any time by 
operating the STOP switch to the STOP position. 

2-16. MASTER CLEARING (RESETTING). To reset to the initial starting condition, 
stop the DPS and press the MA CLR switch. When in the Run condition, only the 
fault flip flops and their indicators clear; all other functions of the master 
clear are disabled to prevent accidental destruction of program or data. 

2-17. BREAKPOINT OPERATION. The breakpoint feature allows an operator to stop 
DPS operation at any preselected address. This feature is useful for trouble¬ 
shooting and for debugging programs. To use the breakpoint register, proceed as 
follows: 

1. Depress the STOP switch. 

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to 

0101 . 
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3. Insert desired address into REGISTER/DATA indicator-switches. 

4. Set BREAKPOINT READ and WRITE switches to enable stopping on a memory read 
operation only, write operation only, or both. 

5. Select RUN mode and operate START switch. 

NOTE 

DPS executes instruction at selected address before stopping. If address 
contains a jump instruction, jump will already be performed, making its 
origin traceable. Therefore, breakpoint address should usually be one 
less than desired address, so DPS will stop ready to read and execute that 
instruction. 

2-18. MONITORING OR CHANGING REGISTER CONTENTS. Select the register to be displayed 
per table 2-3. Whenever the DPS is stopped in OP Step or Run modes, the selected 
register is displayed in REGISTER/DATA, and can be altered by inserting new data 
into the REGISTER/DATA indicator-swtiches, except as noted in the table. The micro 
P and microinstruction registers and the contents of the source bus can be displayed 
in Micro Step mode, with DIAGNOSTIC DISPLAY and MICRO ADRS, MICRO INSTR, or NORMAL 
DSPL selected, respectively, but cannot be changed. Detailed procedures are 
presented for changing the contents of a memory address (paragraph 2-19) or of 
micro P (paragraph 2-21). 

2-19. MEMORY MODIFICATION PROCEDURE. This is an "inspect and change" procedure 
for inspecting and/or changing the contents of a main memory address. 

1. Depress STOP switch. 

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to 

0000 . 

3. Set REGISTER/DATA indicator-switches to the desired memory address. 

4. Set DISPLAY NUMBER indicator-switches to 1000. Existing contents of that 
memory address will appear in REGISTER/DATA. 

5. To modify the contents of the selected memory address, insert the new data into 
the REGISTER/DATA. 

2-20. MANUAL PROGRAM LOAD OR INSPECT PROCEDURE. If several addresses must be 
inspected or changed, or if a small program must be stored, it is convenient to use 
the Inspect and Change Routines of the Utility Programs (UPAK) or the following 
program: 

000502) 01 0 02 01 LR (R.)-*- R 2 
000503 05 1 00 01 LXI r{ -*• Rq, (Ri) + 1 R x 

000504) 40 2 11 00 JS STEP, Jump to Address 000506 

000505) 000506 

000506) 11 1 00 02 SI (Ro) -* (R 2 ) 

000507) 40 1 373 LJ Jump to Address 000502 

To use this program perform the following procedure: 
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1. Load the program in address 000502 - 000507 using Uie procedures outlined in 
paragraph 2-14. 

2. Load 000502 into the P REGISTER. 

3. Press RUN MODE. 

4. Set GENERAL REGISTER I to the address to be insported. 

5. Select GENERAL REGISTER 0. 

6. Press the START switch twice. The contents cl the first address to be in¬ 
spected should be shown in REGISTER/DATA. 

7. If it is desired to change the information, clear REGISTER/DATA and set the 
new contents into it. 


NOTE 


If the address to be inspected next is not the next consecutive address, 
clear the P register and set it to the address desired before performing 
step 8. 

8. Press the START switch. The new word (or old if not changed) is now stored 
in memory, and the contents of the next adjacent address is displayed in the 
REGISTER DISPLAY. 

9. Repeat steps 7 and 8 until all addresses desired are inspected/changed. 

2-21. LOAD MICRO P PROCEDURE. When debugging programs, or when manually trouble¬ 
shooting the DPS, it may be useful to reach a particular micro memory address. The 
following procedure loads the address into the micro P register: 

1. Depress STOP switch. 

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to 

1111 . 

3. Select MICRO STEP mode, MICRO ADRS, DIAGNOSTIC DISPLAY, and PROG RUN. 

4. Operate DIAGNOSTIC JUMP toggle switch to up position. 

5. Operate START switch repeatedly until selected address appears in REGISTER/ 
DATA. (It may be necessary to step a number of times to complete the microprogram 
subroutine before micro P is loaded.) When selected address appears in micro P, 
the next operation of the START switch will perform the microinstruction at that 
address. 

6. To step through successive microinstructions following the selected address, 
proceed per steps 4, 6, and 7 of paragraph 2-23. 

NOTE 


To start the microprogram running from a particular microinstruction, 
perform steps 1, 2 f and 4, select RUN mode, and depress START switch. 
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2-22. OP STEP PROCEDURE. Proceed as follows to perform one macroinstruction at a 
time: 

1. Depress STOP switch. 

2. Load desired main memory address into P register by selecting NORMAL DSPL and 
GENL DSPL, setting DISPLAY NUMBER indicator-switches to OOOO, and inserting address 
into REGISTER/DATA indicator-switches. 

3. If necessary, insert required data into general registers and memory addresses 
that will be used by the macroinstruction. 

4. Select OP STEP mode. 

5. To keep repeating the same macroinstruction, operate PROCESSOR DISABLES ADV P 
switch to the up position. (This is usable only for RR and RI format macroinstruc¬ 
tions; RK and RX require P to advances to obtain the second half of the instruction.) 

6. Depress START switch for each instruction execution. 

2-23. MICRO STEP PROCEDURE. Proceed as follows to step through a macroinstruction, 
performing one microinstruction at a time: 

1. Depress STOP switch. 

a. If the desired macroinstruction is contained in main memory, set its address 
into P register by selecting NORMAL DSPL and GENL DSPL, setting DISPLAY NUMBER in- 
dicator-swiches to 0000, and inserting address into REGISTER/DATA indicator- 
switches. 

b. If the desired macroinstruction is not in main memory, load it at a conven¬ 
ient address per paragraph 2-19. 

c. If desiring to start at a certain microinstruction, load its micro memory 
address into micro P register per paragraph 2-21. 

2. Select MICRO STEP. 

3. Select DIAGNOSTIC DISPLAY and: 

a. MICRO ADRS to display the address of the next microinstruction to be per¬ 
formed . 

b. MICRO INSTR to display the microinstruction being executed, or 

c. NORMAL DSPL to display the data on the source bus. 

4. Select DIAGNOSTIC JUMP and depress PROG RUN indicator-switch. 

NOTE 

If RUN mode is selected, DPS will micro step through successive macro¬ 
instructions. If OP STEP mode is selected, DPS will micro step to com¬ 
pletion of first macroinstruction, then begin micro stepping through 
console mode micro program subroutine. 
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5. Depress START switch for each micro step. 

6. At completion of micro step sequence, clear MICRO STEP by depressing DISPLAY 
SELECT CLR switch, and extinguish PROG RUN by selecting OP STEP. 

2-24. EMERGENCY OPERATION. A BATTLE SHORT switch on the control panel disables 
the jvertemperature shutdown function, thus permitting the DPS to continue operating 
in an emergency situation. 

2-25, EMERGENCY TURN-OFF. For fast turn-off in an emergency, set the CIRCUIT 
BREAKER ON/OFF switch to OFF. The DPS will accomplish an orderly shutdown in¬ 
ternally, generating a power fault interrupt and storing essential register. Before 
turning CIRCUIT BREAKER on again set POWER LOGIC and BLOWER switches to OFF. 

2-26, MICROINSTRUCTIONS 

2-27, The microinstruction repertoire is shown in table 2-5. The repertoire con¬ 
sist? of 16 basic microinstructions with many variations. The basic microinstruction 
former is divided into four 4-bit fields. The F-field, bits 15-12, specifies the 
function to be performed such as add, subtract, shift, etc. The D-field, bits 11-8, 
defires the register or network to receive the data on the destination bus. Table 
2-6 Ipts the destinations. Destination 1 (Dl) or Destination 2 (D2) is determined 
by tjie F-field or M-field for each microinstruction. The S-field, bits 7-4 (some¬ 
time? also called the 0 or origin field), defines the register 1 (SI) or Source 2 
(S2) is determined by the F-field or M-field for each microinstruction. The M-field, 
bits 4-3, modifies the microinstruction. Some microinstructions use special fields 
of K (constant), X (12-bit address), or F2 (extension of F-field). Appendix A 
describes each microinstruction in detail. 

2-28. MACROINSTRUCTIONS . 

2-29. INSTRUCTION FORMATS. The DPS performs instructions using five instruction 
word formats. Instructions may be single length or double length. 

2-30. Format RR. The Format RR instructions are single length and use the format 
shown in figure 2-3. They perform operations using the general registers. (RR = 
Register and Register.) Unless otherwise specified in an individual instruction, 
the a-designator selects the R a register, and the m-designator selects the R m 
regis ler. 

2-31. Format RI. The Format RI instructions are also single length. They may be 
eithe- Type 1 or Type 2. The Format RI Type 1 instructions use the format shown in 
figur ; 2-4. Y is generated using the x and d-designators as specified in figure 
2-5. Format RI Type 2 instructions use the format shown in figure 2-3. They perform 
opera ions using the general registers and a memory reference. (RI = Register and 
Immed ate Memory.) Unless otherwise specified in an individual instruction, the 
a-des gnator selects the R a register, and the m-designator selects the R m register 
whose contents shall be used as a memory address Y. 

2-32. Format RK. Format RK instructions are double length, consisting of two words 
stores in consecutive memory addresses. The first word uses the format shown in 
figur 2-3. The second word is a 16-bit quantity designated y. The Format RK in- 
struc’ions perform operations using general register and memory references. (RK = 
Regisier and Constant (Immediate Operand).) Unless otherwise specified in an in¬ 
dividual instruction, the a-designator selects the R a register, and the m and 
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TABLE 2-5. MICROINSTRUCTION REPERTOIRE 


INSTRUCTION FORMAT 

DESCRIPTION 

15 14 13 12 

11 10 9 8 

7 6 5 4 

3 2 10 

F = 0 

D 

S 

M 

Transfer 

F = 1 

X 

(12 Bits) 

Unconditional Branch 

F = 2 

D 

S 

M 

Add S2 

F = 3 

D 

S 

M 

Shift 

II 

D 

S 


Add SI 

F = 5 

D 

S 

M 

Subtract 

F = 6 

D 

S 

M 

Logic I 

F = 7 

D 

S 

M 

Logic II 

F = 10 

D 

K 

Add constant 

F = 11 

D 

K 

Subtract constant 

CM 

r-H 

II 

U* 

D 

K 

Transfer constant to D1 

F = 13 

D 

K 

Transfer constant to D2 

F = 14 

F2 



Branch 

F = 15 

F2 

S 

M 

Micro control 

F = 16 

F2 

K 

Micro repeat 

F = 17 

D 

S 

M 

Emulate 
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TABLE 2-6. D-DESIGNATOR 


D 

VALUE 

DESTINATION 1 (Dl) 

DESTINATION 2 (D2) 

0 

Unassigned 

liP register 

1 

Breakpoint 

Condition register 

2 

P Register 

Display register 

3 

Memory Data register 

Cycle counter 

4 

General register 

RTC Upper 

5 

Status register #1 

Unassigned 

6 

Status register #2 

Unassigned 

7 

RTC Lower 

Unassigned 

10 

AO/Shift Register Upper/Page 
Address Counter 

Page Table 

11 

Al/Shift Register Lower 

Unassigned 

12 

A2 

Instruction register/SGR 

13 

A3 

SGR 

14 

A4 

I/O Control Memory Translator 

15 

A5 

I/O Translator 

16 

A6/Shift Counter 

Output Data 

17 

A7/MAR 

I/O Control Memory 
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TABLE 2-7. S-DESIGNATOR 


s 

VALUE 

SOURCE 1 (SI) 

SOURCE 2 (S2) 

0 

Unassigned 

pP Hold Register 

1 

Breakpoint 

Condition Register 

2 

P Register 

Display Register 

3 

Memory Data Register 

Normalize/Panel Select 

4 

Page Table 

RTC Upper 

5 

IA Pointer 

STATUS 1 Register 

6 

Shift Matrix Output 

STATUS 2 Register 

7 

Monitor Clock/Part Prod/Feed 

RTC Lower 

10 

AO 

General Register 

11 

Al 

Cordic Table 

12 

A2 

Instruction Register With 



AM-Field Sign Extension 

13 

A3 

Instruction Register 

14 

A4 

Class I & II Interrupt Codes 

15 

A5 

Class III Interrupt Codes/ 

I/O Translator 

16 

A6 

Input Data 

17 

A7 

I/O Control Memory 
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Figure 2-4. Instruction Word Format for Format RI Type 1 
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* After normal incrementation resulting from instruction fetch. 


Figure 2-5. Address Generation Example for Format RI Type 1 Instruction 


y designators are used to form an operand (a 16-bit signed literal or constant) or 
a memory address, designed Y. Y is formed as follows: 

1) When m equals zero, Y is equal to y. 

2) When m does not equal zero, Y is the sum of the contents of R m and Y. The 
m-designator selects the R m register. 

2-33. Format RX. The Format RX instructions are double length, consisting of two 
words stored in consecutive memory addresses. The first word uses the format as 
specified in figure 2-3. The second word is a l6-bit quantity designated y. The 
Format RX instructions perform either whole word (16-bit) or byte (8-bit) operations 
using the general registers and memory references as specified in the following 
subparagraphs. (RX - Register and memory with or without indexing). 

2-34. When the Format RX instruction designates whole word operations, the a, m 
and y-designators are used as follows, unless otherwise specified in an individual 
instruction; 

1) The a-designator selects the R a register. 

2) The m and y-designators form a memory address designated Y as follows: 
a) When m equals zero, Y is equal to y and is a direct memory reference. 


2-22 

















b) When m is not equal to 0, 10, 12, 14, or 16 or when m equals 10, 12, 14, or 
16 and the 2-bit field of status register #2 corresponding to the particular R m 
register is equal to 0 or 1, Y is the sum of the contents of Rj^ and y is a direct 
memory reference. 

c) When m equals 10, 12, 14, or 16 and the 2-bit field of Status Register #2 
corresponding to the particular R m register is equal to 2, Y is the contents of y 
and is an address pointer to the first word of a two word indirect memory reference. 
Figure 2-6 specifies IW word formats and interpretation for indirect addressing. 

d) When m equals 10, 12, 14, or 16 and the 2-bit field of status register #2 
corresponding to the particular R m register is equal to 3, Y is the sum of the 
contents of R m and y and is an address pointer to the first word of a two word 
indirect memory reference. Figure 2-6 specifies IW word formats and interpretation 
for indirect addressing. 


J Not assigned X 





1 .r ^ 1 \ 2 . 



1 1 ^ 4 

w ^ 1 0 

15 ^- 

- 

S- v -—----^ 


Y 


J VALUE 

ADDRESS DETERMINATION 

0 

Final operand at Y 

1 

Final operand at Y + R x 

2 

Final operand at Y + R m 

3 

Final operand at Y + Rm+j 

4 

Cascaded IW at Y 

5 

Cascaded IW at Y + R x 

6 

Cascaded IW at Y + R m 

7 

Cascaded IW at Y + R m +i 

10-17 

Unassigned 


Figure 2-6. Indirect Address Format 
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2-35. When the Format RX instruction designates byte operations, the a, m and 
y-designators are used as follows, unless otherwise specified in an individual 
instruction: 

1) The a-designator selects the R a register. 

2) When m does not equal zero, the m-designator selects a General Register 
designated R m . The contents of R m are used to form a memory address designated 
Y and a byte position in the memory location as follows: 

a) The least significant bit (LSB) of the contents of R m (bit 0) determines 
the byte position in the selected memory location. When the LSB is 0, the byte is 
the eight most significant bits (bits 8 through 15) in the memory location. When 
the LSB is 1, the byte is the eight least significant bits (bits 0 through 7) in 
the memory location. 

b) Y is the sum of y and the contents of R m right-shifted one position and 
zero-filled in the left most position. The original value of R m remains in R m . 

3) When the m-designator equals zero, Y is equal to y and the byte is the 
eight most significant bits in the memory location. 

2-36. Format RL. The Format RL instructions are single length and use the format 
as specified in figure 2-3. The a-designator selects the R a register; the m- 
designator field contains a 4-bit, unsigned literal; the f-designator is inter¬ 
preted as a secondary function code. 

2-37. DOUBLE LENGTH WORDS. The DPS performs double-length word operations when 
specified in an individual instruction. In the double instructions, the contents 
of two adjacent registers or memory locations are used as one 32-bit word. The 
word at a location designated R a , R m , or Y becomes the most significant 16 bits of 
the double length word, and the word at a location designated R a +1, R m +1, or Y + 1» 
respectively, becomes the least significant 16 bits of the double length word. The 
memory address or register address of the most significant 16 bits must be an even 
number. 

2-38. SHIFT INSTRUCTIONS. Shift instructions shift the contents of a register or 
registers to the right, left, or left circular. The contents of bits 0 through 5 
of the quantity specified in the RK or RR instructions or bits 0 through 3 of an 
RL format instruction word determine the number of places shifted. The shift 
operations are as follows: 

1) Right shifts move the data toward the least significant bit position. Bits 
shifted out of the least significant bit position are lost. After each shift step, 
the most significant bit position is filled with either a zero (zero extended to 
fill) or a sign bit (sign extended to fill) as specified in the individual instruc¬ 
tion. 

2) Left shifts move the data toward the most significant bit position. Bits 
shifted out of the most significant bit position are lost. At each shift step, 
the least significant bit position is filled with a zero. A sign change at the 
most significant bit position sets the OVERFLOW designator. 
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3) Left shift circular means that the data is shifted left, and the bits shifted 
out of the most significant bit position are transferred to the least significant 
bit position. A sign change at the most significant bit position sets the OVERFLOW 
designator. 

2-39. INSTRUCTION REPERTOIRE. Table 2-8 lists the macroinstruction repertoire and 
shows the operation code, the format, and the execution time for each instruction. 
Detailed descriptions of each instruction are provided in Appendix B. 

2-40. MISCELLANEOUS OPERATING AIDS. Miscellaneous items of value to operators of 
the DPS are listed in the Appendices as follows: 

1) Detailed Descriptions of Microinstruction Repertoire - Appendix A. 

2) Detailed Description of Macroinstruction Repertoire - Appendix B. 

3) Internal Micro Program Listing - Appendix C. 


TABLE 2-8. MACROINSTRUCTION REPERTOIRE 


OPERATION 

CODE 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

00 

RR 

Unassigned (See Note) 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Load 

2.25 

01 

RR 

Load 

.75 


RI-2 

Load 

1.5 


RK 

Load 

1.5 


RX 

Load 

2.25 

02 

RR 

Unary-Arithmetic 

1.0 


RI-2 

Load Double 

2.25 


RK 

Unassigned 

- 


RX 

Load Double 

3.0 

03 

RR 

Unary-Control 

. 75-?8.0 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Load Multiple 

1.5 +*N times .75 

04 

RR ■ 

Unary-Shift 

3.0—5 > 4.0 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Load and Index by 1 

2.25 

05 

RR 

Set Bit 

1.5 


RI-2 

Load and Index by 1 

1.5 


RK 

Unassigned 

- 


RX 

Load and Index by 1 

2.25 


*N = number of registers loaded 

NOTE: Unassigned instructions produce an instruction fault. 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 

CODE 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

06 

RR 

Clear Bit 

1.5 


RI-2 

Load Double and Index by 2 

2.55 


RK 

Unassigned 

- 


RX 

Load Double and Index by 2 

3.3 

07 

RR 

Compare Bit 

1.8 


RI-2 

Load PSW 

3.0 


RK 

Unassigned 

- 


RX 

Load PSW 

3.75 

10 

RR 

Logical Right Single Shift 

1.0 


RI 

Unassigned 



RK 

Logical Right Single Shift 

1.7 


RX 

Byte Store 

2.4 

11 

RR 

Algebraic Right Single Shift 

1.0 


RI-2 

Store 

1.7 


RK 

Algebraic Right Single Shift 

1.7 


RX 

Store 

2.4 

12 

RR 

Logical Right Double Shift 

2.6 


RI-2 

Store Double 

2.4 


RK 

Logical Right Double Shift 

3.2 


RX 

Store Double 

3.2 

13 

RR 

Algebraic Right Double Shift 

2.6 


RI 

Unassigned 

- 


RK 

Algebraic Right Double Shift 

3.2 


RX 

Store Multiple 

1.4 + *N x 1.1 

14 

RR 

Algebraic Left Single Shift 

1.0 


RI 

Unassigned 

- 


RK 

Algebraic Left Single Shift 

1.7 


RX 

Byte Store and Index by 1 

2.4 


*N - number of registers loaded 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 

CODE 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

15 

RR 

Circular Left Single Shift 

1.0 


RI-2 

Store and Index by 1 

1.7 


RK 

Circular Left Single Shift 

1.7 


RX 

Store and Index by 1 

2.4 

16 

RR 

Algebraic Left Double Shift 

2.7 


RI-2 

Store Double and Index by 2 

2.6 


RK 

Algebraic Left Double Shift 

3.3 


RX 

Store Double and Index by 2 

3.3 

17 

RR 

Circular Left Double Shift 

2.4 


RI-2 

Store Zeros 

1.7 


RK 

Circular Left Double Shift 

3.0 


RX 

Store Zeros 

2.4 

20 

RR 

Subtract 

.75 


RI-2 

Subtract 

1.5 


RK 

Subtract 

1.5 


RX 

Subtract 

2.25 

21 

RR 

Subtract Double 

1.7 


RI-2 

Subtract Double 

2.25 


RK 

Unassigned 

- 


RX 

Subtract Double 

3.0 

22 

RR 

Add 

.75 


RI-2 

Add 

1.5 


RK 

Add 

1.5 


RX 

Add 

2.25 

23 

RR 

Add Double 

1.5 


RI-2 

Add Double 

2.25 


RK 

Unassigned 

- 


RX 

Add Double 

3.0 

24 

RR 

Compare 

.90 


RI-2 

Compare 

1.5 


RK 

Compare 

1.7 


RX 

Compare 

2.25 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 



EXECUTION TIME 

CODE 

FORMAT 

INSTRUCTION 

MICROSECONDS 

25 

RR 

Compare Double 

1.7 


RI-2 

Compare Double 

2.25 


RK 

Unassigned 

- 


RX 

Compare Double 

3.0 

26 

RR 

Multiply 

3.8 


RI-2 

Multiply 

4.0 


RK 

Multiply 

4.4 


RX 

Multiply 

4.6 

27 

RR 

Divide 

6.8 


RI-2 

Divide 

7.0 


RK 

Divide 

7.4 


RX 

Divide 

7.5 

30 

RR 

AND 

.75 


RI-2 

AND 

1.5 


RK 

AND 

1.5 


RX 

AND 

2.25 

31 

RR 

OR 

.75 


RI-2 

OR 

1.5 


RK 

OR 

1.5 


RX 

OR 

2.25 

32 

RR 

Exclusive OR 

.75 


RI-2 

Exclusive OR 

1.5 


RK 

Exclusive OR 

1.5 


RX 

Exclusive OR 

2.25 

33 

RR 

Masked Substitute 

1.4 


RI-2 

Masked Substitute 

1.5 


RK 

Masked Substitute 

2.0 


RX 

Masked Substitute 

2.25 

34 

RR 

Compare Masked 

1.5 


RI-2 

Compare Masked 

1.7 


RK 

Compare Masked 

2.1 


RX 

Compare Masked 

2.4 

35 

RR 

I/O Command 

4.0* + I/O Inst 


RI-2 

Biased Fetch 

2.25 


RK 

Remote Execute 

1.5+ Inst. 


RX 

Biased Fetch 

i 

. 

1 

! 

3.0 


^Includes the time to clear bits 14 and 15 of memory address 000140. 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 



EXECUTION TIME 

CODE 

FORMAT 

INSTRUCTION 

MICROSECONDS 

36 

RR 

Unassigned 



RI 

Unassigned 



RK 

Unassigned 



RX 

Unassigned 


37 

RR 

Unassigned 



RI 

Unassigned 



RK 

Unassigned 



RX 

Unassigned 


40 

RR 

Conditional Jump 

1.1 


RI-1 

Local Jump 

1.2 


RK 

Conditional Jump 

1.7 


RX 

Conditional Jump 

2.4 

41 

RR 

Index Jump 

1.4 


RI-1 

Local Jump Indirect 

2.0 


RK 

Index Jump 

2.1 


RX 

Index Jump 

2.25 

42 

RR 

Jump and Link Register 

1.2 


RI 

Unassigned 

- 


RK 

Jump and Link Register 

1.2 


RX 

Jump and Link Register 

2.25 

43 

RR 

Unassigned 



RI-1 

Local Jump and Link Memory 

2.0 


RK 

Jump and Link Memory 

2.9 


RX 

Jump and Link Memory 

3.2 

44 

RR 

Jump Register - 0 

1.4 


RI-1 

Local Jump Equal 

1.2 


RK 

Jump Register = 0 

2.1 


RX 

Jump Register = 0 

2.25 

‘45 

RR 

Jump Regi ster f- 0 

1.4 


RI-1 

Local Jump Not Equal 

1.2 


RK 

Jump Register f 0 

2.1 


RX 

Jump Register f 0 

2.25 

46 

RR 

Jump Register Positive 

1.4 


RI-1 

Local Jump Greater than Or Equal 

1.2 


RK 

Jump Register Positive 

2.1 


RX 

Jump Register Positive 

2.25 

47 

RR 

Jump Register Negative 

1.4 


RI-1 

Local Jump Less Than 

1.2 


RK 

Jump Register Negative 

2.1 


RX 

Jump Register Negative 

2.25 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 

CODE 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

50 

RR 

Unassigned 

» 


RI 

Unassigned 



RK 

Unassigned 



RX 

Unassigned 

- 

51 

RR 

Unassigned 

- 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 

- 

52 

RR 

Unassigned 

- 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 


53 

RR 

Unassigned 

- 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 

- 

54 

RR 

Load Address Register 

1.8 


RI-2 

Load Address Register 

2.6 


RK 

Unassigned 

- 


RX 

Load Address Register Multiple 

3.0 + .75 x n* 

55 

RR 

Store Address Register 

1.8 


RI-2 

Store Address Register 

2.6 


RK 

Unassigned 

- 


RX 

Store Address Register Multiple 

3.0 + 1.1 x n* 

56 

RR 

Unassigned 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 

- 

57 

RR 

Unassigned 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 

- 

60 

RL-1 

Logical Right Single Shift 

1.3 


RL-2 

Algebraic Right Single Shift 

1.3 


RL-3 

Logical Right Double Shift 

2.8 


RL-4 

Algebraic Right Double Shift 

2.8 

61 

RL-1 

Algebraic Left Single Shift 

1.3 


RL-2 

Circular Left Single Shift 

1.3 


RL-3 

Algebraic Left Double Shift 

2.8 


RL-4 

Circular Left Double Shift 

2.8 


*n - Number of address registers 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 

CODE 

— 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

62 

RL-1 

Subtract 

.9 


RL-2 

Subtract Double 

1.8 


RL-3 

Add 

.9 


RL-4 

Add Double 

1.8 

63 

RL-1 

Load 

.9 


RL-2 

Compare 

1.2 


RL-3 

Multiply 

4.2 


RL-4 

Divide 

7.4 

64 

RR 

Unassigned 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Subtract 

2.25 

65 

RR 

Unassigned 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Add 

2.25 

66 

RR 

Unassigned 

_ 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Compare 

2.25 

67 

RR 

Reserved 



RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Byte Compare and Index by 1 

2.25 

70 

RR 

Channel Control (Command) 

30.0 for m = 0-7; 
2.0 for m = 10-17 


RR 

Channel Control (Chaining) 

2.25 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Initiate Transfer (Chaining) 

4.5 

71 

RR 

Unassigned 

«. 


RI 

Unassigned 

- 


RK 

Initiate Chain (Command) 

2.25 


RK 

Load Control Memory (Chaining) 

2.25 


RX 

Load Control Memory (Command) 

3.0 


RX 

Load Control Memory (Chaining) 

3.0 

72 

RR 

Unassigned 

- 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Store Control Memory (Command) 

3.0 


RX 

Store Control Memory (Chaining) 

i 

3.0 
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) 


OPERATION 

CODE 

FORMAT 

INSTRUCTION 

EXECUTION TIME 
MICROSECONDS 

73 

RR 

Halt/Interrupt (Chaining) 

1.5 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Set/Clear Flag (Chaining) 

3.0 

74 

RR 

Unassigned 

mm 


RI 

Unassigned 

- 


RK 

Conditional Jump (Chaining) 

2.25 


RX 

Unassigned 

- 

75 

RR 

Search for Sync; Set Monitor/ 

Set Suppress (Chaining 

1.5 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Unassigned 

- 

76 

RR 

Set/Clear Discretes (Command) 

1.5 


RR 

Set/Clear Discretes (Chaining) 

1.5 


RI 

Unassigned 

- 


RK 

Unassigned 

- 


RX 

Store Status (Command) 

3.0 


RX 

Store Status (Chaining) 

3.0 

77 

RR 

Unassigned 

MM 


RI 

Unassigned 

- 


RK 

Unassigned 



RX 

> 

Unassigned 

1 

I 
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CHAPTER 3 


FUNCTIONAL DESCRIPTION 


3-1. INTRODUCTION . 

3-2. This chapter describes the internal operation of the DPS. The description is 
presented in two levels: primary block diagram level and functional block diagram 
level. 


3-3. PRIMARY BLOCK DIAGRAM DESCRIPTION. 


3-4. The primary block diagram (figure 3-1) divides the DPS into six major func¬ 
tional sections. These are the Microprogrammed Controller (MPC), the Processor/ 
Emulator, the Memory Interface, the Main Memory, the I/O Controller, and the Power 
Sections. Data transfers between sections are handled by the Source Bus and the 
Destination Bus. 

3-5. The MPC controls the DPS. The main difference between MPC-controlled com¬ 
puters and standard computers is that most of the hard wired control is replaced by 
microprogrammed control. They operate, like other computers, from a program of 
instructions stored in the main memory. This program is called the macroprogram to 
distinguish it from the microprogram that controls the MPC. The computer instruc¬ 
tions are called macroinstructions to distinguish them from the MPC's microinstruc¬ 
tions. The MPC in the Data Processing Set, AN/UYK-20(V), is a general purpose 
controller. It has its own read only memory (ROM) to hold its microprogram, and 
can be programmed to provide control for a wide range of functions. It is essential¬ 
ly a small computer, and performs many of the required computer functions within 
its own circuits. The link between the macroprogram and the MPC is provided by an 
"emulator" which decodes the macroinstructions and causes entrance into an MPC 
microprogram subroutine to perform (emulate) the desired function. Sometimes all 
of the circuitry with the exception of the MPC itself is called the emulator, since 
it all augments the MPC and assists it in emulating required functions. The capa¬ 
bilities of microprogram controlled computers can often be changed or increased 
simply by adding new translations into the emulator and new subroutines into the 
microprogram. 

3-6. MICROPROGRAMMED CONTROLLER. The MPC executes 16 basic microinstructions with 
many variations. (See Appendix A for a detailed description of each microinstruc¬ 
tion). Data transfers occur over the two bi-directional data buses. The two-bus 
structure allows instruction overlapping to increase the microinstruction execution 
rate. Two fields within the microinstruction word define what register or network 
is applied to the source bus (S-field) and what register or network is the recipient 
of data on the destination bus (D-field). Simply stated, a microinstruction per¬ 
forms a function on the source and transmits the result to the destination. Follow¬ 
ing is a description of the major MPC elements. 

3-7. The micro memory is a read-only memory. It is capable of holding up to 4K 
(4096) words of microprogram including 512 addresses usually reserved for optional 
customer specified routines. Microprograms can be changed only by substituting 
different pre-programmed cards. The micro memory control section contains the ad¬ 
dressing circuits that control the reading of the micro memory. The micro function 
control section receives the current microinstruction from the micro memory, trans¬ 
lates it, and issues control signals to all sections of the DPS to carry out 


3-1 



the instruction. It includes the master clock which provides timing for the entire 
DPS. The repeat control section controls the repetitive cycling of microprogram 
subroutines, as required by the Repeat microinstructions. The arithmetic section 
contains accumulator storage registers and an arithmetic/logic unit (ALU) which 
performs arithmetic and logical operations on the operands. The display i control 
section, under the control of a microprogram subroutine, provides the interface 
between the operator and maintenance panels and the displayable registers of the 
DPS. 

3-8. PROCESSOR/EMULATOR. The processor/emulator is concerned with the macro¬ 
instructions . It contains many of the registers and functions normally associated 
with the central processor portion of a computer, but performs its functions under 
the control of the MPC. The following paragraphs describe the major processor/ 
emulator subsections. 

3-9. The function control section translates the macroinstruction word and sends an 
Emulator Control Word (ECW) to the MPC directing it to perform the proper micro¬ 
program subroutine for accomplishing each macroinstruction. The general registers 
can be used for accumulator storage, as scratch pad registers, as index registers, 
etc. They are normally addressed by the A and M fields of the macroinstruction 
word. There may be one or two groups of 16 general registers; if there are two 
groups, a status register bit determines which group is addressed. The program 
status section contains the two status registers, the real time clock and monitor 
clock registers, and the interrupt control circuits. The status registers store 
program status information, provide for selecting the general register group, enable 
reading from NDRO memory, control the disabling of interrupts, and control direct 
and indirect addressing; the real time clock and monitor clock permit the DPS to 
monitor elapsed time; the interrupt circuits handle program interrupts according to 
their assigned priorities. The high speed shift and multiply section contains a 
shifting matrix and multiply logic which operate without involving the MPC arith¬ 
metic unit, and perform their tasks faster than possible in the MPC. The multiply 
logic operates with two multiplier digits at a time. 

3-10. MEMORY INTERFACE. The memory interface handles the transfer of information 
to and from the main memory. It permits reading or writing of full words or either 
byte of a word, or reading a word, modifying it, and restoring the modified word. 

The memory interface section divides into three subsections: memory address control, 
memory data interface, and NDRO memory. 

3-11. The memory address control section provides the address information to the 
main memory. The program address normally increments by one after each memory 
reference. A breakpoint function allows the program to be stopped when a pre¬ 
selected memory address is referenced. Paging circuits permit the memory to be 
addressed as 64 separate and interchangeable IK portions. The memory data interface 
section transfers data to and from the main memory. The NDRO memory consists of up 
to 192 words of read-only memory generally used for a bootstrap load program. 

Access to the NDRO memory is controlled by a bit in status register 1. 

3-12. MAIN MEMORY. The main memory, which is used for storage of the macroprogram 
is a coincident current magnetic core memory, expandable to 65K (65,536) words in 
8K (8192) word increments. Word length is 16 bits. Cycle time is approximately 
750 nsec for a read or write cycle, and approximately one psec for a read, modify, 
restore cycle (called split cycle). The memory chassis holds up to twelve boards 
of three types: memory control boards (MCB), memory data boards (MDB), and memory 
array boards (MAB). MCB's contain control and addressing circuits for up to 32K 
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Figure 3-1. Primary Block Diagram 
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of memory. MDB's contain a data register and bit drivers for up to 32K of memory. 

In addition, MCB's and MDB's may contain the logic for an optional direct memory 
access (DMA) feature, which allows the memory to be used also by external devices 
on a priority basis. Two MCB's and two MDB's are installed to permit memory sizes 
up to 65K. Each MAB contains 8K of core storage, along with associated drivers 
and sense amplifiers. A chassis contains from one to eight MAB'boards. 

3-13. I/O CONTROLLER. The I/O Controller provides communication interface between 
the DPS and the peripheral equipment via a possible total of 16 input/output chan¬ 
nels. Both control and data circuitry are included in the controller. Input/output 
channels are of two types: parallel and serial. Both types are available in either 
single or dual channel mode operation. Parallel channels must always exist in com¬ 
plete groups of four adjacent channels. Serial channels are divided into groups of 
two. For dual channel operation with parallel channels, two adjacent groups are 
required and the lower group must be even numbered (0 or 2). The channels involved 
are n and n+4. Dual channel operation with serial channels uses the pair of chan¬ 
nels in a two-channel group. The 16 I/O channels, whether parallel or serial or a 
mixture, divide into four groups of four channels for internal addressing purposes 
(refer to Table 3-1). The higher numbered channels have the higher priority 
(channel 17g highest, channel 0 lowest). 


Table 3-1. Parallel I/O Channel Groups 


GROUP 

CHANNELS 

0 

0, 1, 2, 3 

1 

4, 5, 6, 7 

2 

10, 11, 12, 13 

3 

14, 15, 16, 17 


3-14. Parallel channels have three optional interfaces: NTDS Slow (-15V), NTDS 
Fast (-3V), or ANEW (+3.5V). Parallel channels operate asynchronously, with trans¬ 
fer rates per interface as specified in Table 1-1. Parallel channels will operate 
in the intercomputer mode if so specified on order; otherwise they operate in the 
normal buffer mode. Serial channels are of three optional types: expanded MIL-STD- 
188 synchronous or asynchronous, RS-232 standard synchronous or asynchronous, or the 
NTDS 32-bit asynchronous. Serial channel transfer rates are as specified (synchro¬ 
nous or asynchronous) in Table 1-1. The order of data transfer is from the least 
significant bit (0) to the most significant bit (15). Both serial and parallel 
channels operate in full duplex mode. 

3-15. The I/O Controller receives/transmits data from/to both the DPS source bus 
and the peripheral equipment. See figure 3-1, system primary block diagram. The 
major circuits of the I/O controller are defined below. 

3-16. The Input Data Circuitry receives data from peripherals and determines 
whether the peripheral data or data from the I/O Function Control is to be gated to 
the source bus. The Req/Ack Control circuitry receives requests (ODR, EFR, IDR, or 
EIR)from the peripherals, and acknowledges (ODA, EFA, IDA, EIE)those requests. A 
request must be acknowledged before another similar request is allowed in from 
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that channel. The Group/Channel Control Circuitry receives the channel requests 
from the Req/Ack Control and establishes channel and function priority. This cir¬ 
cuitry also generates a clear request signal and enables an acknowledge signal to 
be returned to the peripheral equipment. It generates a group select signal for 
the Output Data circuitry. The I/O Function Control circuitry receives information 
from the source bus and passes it to the control memory (CM) or decrements the 
buffer word counts and increments the address pointers of control memory. The 
altered counts and pointers may be sent to either CM or the source bus. Data is 
also taken from control memory and sent to the source bus via the Input Data cir¬ 
cuitry. The Output Data circuitry obtains data from the DPS via the source bus 
and sends the data to the peripheral devices designated by the Group Select signal 
from the Group/Channel Control. 

3-17. POWER. The power supply converts the ac input power to the various dc 
voltages required by the DPS. It is oscillator controlled. It maintains close- 
tolerance regulation of the output voltages and provides filtering to limit line 
noise and transients. It checks for under and over-voltage at the input and for 
overload at the output. Variations of the power supply permit input power to be 
115 Vac or 208 Vac, single phase or three phase, 60 Hz or 400 Hz. 

3-18. FUNCTIONAL BLOCK DIAGRAM DESCRIPTION . 

3-19. The following paragraphs provide detailed block diagrams and accompanying 
descriptions for each of the major sections of the computer. The diagrams are as 
follows: figure 3-2, MPC; figure 3-8, Processor/Emulator; figure 3-16, Memory 
Interface, figure 3-19, Main Memory; figure 3-29, I/O Controller; and figure 3-54, 
Power Supply and Distribution. The numbers associated with the lower right hand 
corner of each symbol on these block diagrams signify the figure numbers of the 
logic schematics on which the circuitry may be found. The logic schematics are in 
chapter nine (Volume 2) of this manual. 

3-20. MICROPROGRAMMED CONTROLLER (MPC). The MPC executes microinstructions to 
perform all control operations and data manipulations in the computer. The micro¬ 
instructions are permanently stored in a read-only memory (ROM). See Appendix A 
for a detailed description of the microinstruction repertoire. The two-bus (source 
bus and destination bus) structure allows instruction overlapping as shown in fig¬ 
ure 3-3. Overlapping increases the microinstruction execution rate to one micro¬ 
instruction per clock pulse. The S-field within the microinstruction word defines 
what register or network is applied to the source bus, and the D-field defines 
what register or network is the recipient of data on the destination bus. Figure 
3-2 is the block diagram of the MPC. Following is a description of the major ele¬ 
ments: 

3-21. Micro Memory. The micro memory contains the unalterable microprogram. It 
is a ROM memory, consisting of four printed circuit cards, each containing 1024 (IK) 
16-bit words. The ROM cards are factory pre-programmed; therefore microprograms 
can be changed only by substituting different cards. 

3-22. The basic microprogram consumes the first 1-1/2K micro memory addresses, 
physically located on the cards at locations 5B and 4B. The next 1/2K addresses 
(30008 to 37770) are reserved for customer-specified microprogram routines. Note 
that if customer-specified microprograms are added after the computer leaves the 
factory, both the micro memory card at location 4B must be replaced, and also the 
card at location IOC which must generate ECWs for the new macroinstructions. The 
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Figure 3-2. MPC Functional Block Diagram 
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third card, at location 3B, contains addresses 4000g to 5777s and is reserved for 
the optional extended mathematics microprogram called Math Pack. An MPC diagnostic 
program occupies the fourth card, at location 2B, which contains addresses 6000g to 
7777 8 . 

3-23. The micro memory addresses listed in Table 3-2 are permanently assigned 
addresses in the basic microprogram. Those labelled as micro interrupt addresses 
are reached through a Normal Start microinstruction (17 00 00 14). This instruc¬ 
tion enables a hardwired priority network that checks the micro interrupts and 
causes a jump to the proper address if an interrupt is present. If no interrupts 
are present, it causes a jump to micro address 274g and begins the Macro Instruction 
Read subroutine. 

3-24. The address in the micro P register selects a 16-bit microinstruction word 
from the micro memory. The word remains on the micro memory output lines, avail¬ 
able to the micro instruction register until the address is changed. 

3-25. Micro Memory Control. The Micro Memory Control section consists mainly of 
the micro address selector, the micro P register, and the micro P hold register. 

3-26. The micro address selector is 12 bits wide. It selects one of four inputs 
as shown in table 3-3. The inputs labelled Interrupt Address come from the process¬ 
or/emulator and from the I/O controller, and transfer the fixed addresses of table 
3-2. The microprogram subroutines for emulating macro operation codes 40 through 
77 occupy micro memory addresses above IOOOq and are selected by bit 15 of the macro 
instruction register which accompanies the nine ECW address bits when selected. 

3-27. The 12-bit micro P register holds the address of the next instruction to be 
read from the micro memory. A bank selector uses the upper three bits of the 
register to select 1/2K (512 word) segments of the memory. The micro P register 
normally increments by one each clock pulse to form the next address. Jumping or 
branching to a non-consecutive address requires that the new address be loaded into 
the register from the source bus via the micro address selector. Since the address 
field in branch instructions has only eight bits, the upper four bits of the micro 
P register are gated onto the source bus to accompany the branch address. 

3-28. The 12-bit micro P hold register stores the beginning address of a series 
of microinstructions that are being repeated. The repeat (F = 16) microinstruction 
initiates the repeat mode. When the last microinstruction in the series is read 
from micro memory, the contents of the micro P hold register are loaded into the 
micro P register via the micro address selector to repeat the series again. This 
continues until the repeat mode is terminated. 

3-29. Micro Function Control. The Micro Function Control section of the MPC 
generates timing and control signals for the MPC and for much of the rest of the 
DPS. The following paragraphs describe its functional sections. 

3-30. The micro instruction register holds the micro instruction that is currently 
being executed. Most instructions use a basic instruction format which divides 
the register into four 4-bit fields (F, D, S, and M) as shown in figure 3-4. The 
F-field specifies the basic function to be performed, such as add, subtract, shift, 
transfer, etc. The D-field defines the destination register for the result. The 
S-field specifies the source register on which to perform the function; this field 
is sometimes called the Origin or 0-field. The M-field modifies the basic function 
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Table 3-2. Fixed Addresses in Micro Memory 




^00 


0000 

Master Clear (Auto Start) 


0300 

I/O In Data, Pass > 1 




0310 

I/O In Data, Pass 1 




0320 

I/O Out Data, Pass > 1 


"0200 

I/O Return 


0330 

I/O Out Data, Pass 1 


0204 

Bootstrap Load 


0340 

IA Byte Mod 




Interim 



Micro 

0210 

I/O Chain Instr. Read 

Sequence < 
Addresses 

0344 

IA Byte Mod 

Inter- < 
rupt 

0214 

RUN (Display Routine) 


0350 

IA Word Mod 

Address 

0220 

Class I & II Interrupts 


0354 

IA Word Mod 





0360 

Norm Byte Mod 


^0230 

Class III Interrupts 


0364 

Norm Byte Mod 




0370 

Norm Word Mod 

0274 

Instruction Read Routine 


0374 

Norm Word Mod 







2374 

Ill. I/O Instr. 



2376 

Ill. CP Instr. 



27XX 

IA Table 


Table 3-3. Micro Address Selection* 


Selector control bits = 00: 

Interrupt Address (Bits 1-7, 10) 

Selector control bits = 01: 

ECW Address Pointer (Bits 0-8) plus IRj^ 

Selector control bits = 10: 

Micro P Hold Register 

Selector control bits = 11: 

Source Bus 


*See Volume 2, Figures 9-8 to 9-10. 
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Figure 3-4. Microinstruction Format 




in various ways for the different micro instructions. See Appendix A for a de¬ 
scription of each micro instruction. The contents of the micro instruction register 
direct most of the control functions of the DPS. The contents can be gated to the 
source bus and can be displayed on the maintenance panel through the panel selector. 

3-31. Three Command Generator ROM's translate micro instruction codes and generate 
basic command signals. Two are elements 01 and 02 on the card at location 
10B and appear on figure 9-38 in Volume 2. These two primarily control the oper¬ 
ation of the MPC Arithmetic Section (ALU) and are, therefore, called the ALU control 
chips. The Function (F) and Mode (M) fields of the micro instruction word select 
the addresses in these ROM's. Tables 3-4 and 3-5 show their microcoded contents. 

The third ROM is element 03 on the card at location 7B and appears on 
figure 9-21. It decodes the D-field (or F 2 - field) on Repeat (F = 16) microinstruc¬ 
tions. It, therefore, is called the repeat control chip. Table 3-6 shows its micro- 
coded contents. Additional MPC control circuits occur throughout the DPS, but 
mostly appear on logic figures 21 through 28 (Chapter 9) and are grouped into one 
block labelled Control. 

3-32. A number of circuits throughout the Micro Control Section are associated 
with the D-field of the microinstruction register. The F2 register holds the D- 
field on Repeat microinstructions, in which the D-field becomes a secondary function 
code. It is decoded by the repeat control command generator ROM described in the 
preceding paragraph. The branch control circuits translate the D-field as a second¬ 
ary function code to determine the branching condition. (See figure 9-25. Chip U07 
is enabled for F 2 0-7; U04 is enabled for F 2 11-17. Output of disabled chip is held 
high. See Appendix A, table A-10 for the branch conditions.) A D-delay register 
permits the MPC instruction overlap described in paragraph 3-20 and figure 3-3 by 
holding the destination information for one clock period after the microinstruction 
register. The contents of the D delay register are compared with the source field 
of the current microinstruction. If they are the same, the MPC doesn't stop to 
wait until the data has first been sent to the destination, but simply gates the 
destination bus data directly through the X selector to make immediate use of it, 
while simultaneously gating it to its destination. Likewise, the D delay register 
is compared to the D field of the current microinstruction. If both are designat¬ 
ing the same address in the accumulator stack, the MPC gates the contents of the 
destination bus directly through the accumulator selector. This is necessary, 
because most microinstructions use the D-field for designating one of the four 
accumulator stack registers (Aq - 3) as one of the operand sources, as well as for 
designating the destination of the result. 

3-33. The 16-bit condition register (CR) defines the status of arithmetic oper¬ 
ations as shown in figure 3-5. Status is loaded into the condition register when 
specified by a microinstruction with F = 2 through 7 and save status bit set (M- 
field bit 3=1). Bits 0-7 of the condition register load directly from the desti¬ 
nation bus. Bits 8-15 load through the CR selector and may be data from the desti¬ 
nation bus or may be arithmetic status bits. 

3-34. The 16-bit MPC source selector is the main path for MPC data to be placed on 
the source bus. Its output is gated to the bus when one of its inputs is desig¬ 
nated by the microinstruction S field. It selects inputs as follows: 

1) Selector control bits = 00: Discrete bits per table 3-7 

2) Selector control bits = 01: Panel Selector 
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Table 3-4. Microcode for Command Generator ROM Chip 003 


Address Contents 

(Octal) (Octal) FUNCTION 


00 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14 

15 

16 
17 
20 
21 
22 

23 

24 

25 

26 
27 

30 

31 

32 

33 

34 

35 

36 

37 


167 

267 

377 

377 

166 

166 

167 

167 

166 

166 

164 

164 

167 

167 

167 

167 

176 

176 

174 

174 

177 

177 

277 

277 

337 

337 

357 

357 

373 

373 

376 

376 


TRANSFER DESTINATION 
TRANSFER DESTINATION 
JUMP 
JUMP 

ADD SOURCE 2 
ADD SOURCE 2 
SHIFT 
SHIFT 

ADD SOURCE 1 
ADD SOURCE 1 
SUBTRACT 
SUBTRACT 
LOGIC 1 
LOGIC 1 
LOGIC 2 
LOGIC 2 
ADD K 
ADD K 

SUBTRACT K 
SUBTRACT K 
TRANSFER K TO DL 
TRANSFER K TO D1 
TRANSFER K TO D2 
TRANSFER K TO D2 
BRANCH 
BRANCH 

MICRO CONTROL 

MICRO CONTROL 

REPEAT 

REPEAT 

EMULATE 

EMULATE 


BIT SIGNIFICANCE 


27 

2 8 

25 

2 4 

23 

22 

2l 

20 






0*> E 

0>Co 

= Re 

04> Arith Mode 
mplement Addr OP 
peat (F=l6) 

1=> F = 01, 10-17 

0S> Micro Control (F=15) 

04 * Branch (f=l4) 

O^Dest 2 

Dest 1 
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Table 3-5. Microcode for Command Generator ROM Chip U06 


Address Contents 

(Octal) (Octal) Function 


00 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14 

15 

16 
17 
20 
21 
22 

23 

24 

25 

26 
27 

30 

31 

32 

33 

34 

35 

36 

37 


177 

277 

176 

276 
373 
373 
373 
373 

277 
277 
237 
257 
174 

174 

175 
175 
177 
177 
137 
157 
177 
177 
137 
137 
167 
167 
167 
167 
167 
167 
167 
167 


TRANSFER NORMAL SI 

TRANSFER NORMAL S2 

TRANSFER REVERSE SI 

TRANSFER REVERSE S2 

JUMP 

JUMP 

JUMP 

JUMP 

ADD S2 NORMAL 

ADD S2 NORMAL 

ADD S2 + 0 

ADD S2 -1 

SHIFT LEFT 
SHIFT LEFT 
SHIFT RIGHT 
SHIFT RIGHT ^ 

ADD SI NORMAL \ 

ADD SI NORMAL / 

ADD SI +0 J 

ADD SI -1 

SUB NORMAL 1 

SUB''NORMAL V 

SUB FROM 0 J 

SUB FROM 0 
LOGIC 1 ~] 

LOGIC 1 V 

LOGIC 1 [ 

LOGIC 1 J 

LOGIC 2 ~) 

LOGIC 2 l 

LOGIC 2 j 

LOGIC 2 J 
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Table 3-6. Microcode for Command Generator ROM Chip U04 


Address Contents 

(Octal) (Octal) Function 


00 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14 

15 

16 
17 
20 
21 
22 

23 

24 

25 

26 
27 

30 

31 

32 

33 

34 

35 

36 

37 


125 

234 

345 

250 

374 

343 

377 

377 

O 

O 

121 

334 

274 

363 

367 

jTzJ 

T25 

237 

345 

253 

377 

343 

377 

377 

O 

o 


MULTIPLY SINGLE 
DIVIDE SINGLE 
MULTIPLY DOUBLE 2 
DIVIDE DOUBLE 2 
SQUARE ROOT 2 
CORDIC PRESCALE 2 
VECTOR 2 AND 3 
ROTATE 2 AND 3 


MULTIPLY DOUBLE 1 
DIVIDE DOUBLE 1 
SQUARE ROOT 1 
CORDIC PRESCALE 2 
VECTOR 1 
ROTATE 1 

MULTIPLY SINGLE LAST 
DIVIDE SINGLE LAST 
MULTIPLY DOUBLE 2 LAST 
DIVIDE DOUBLE 2 LAST 
SQUARE ROOT 2 LAST 
PRESCALE 2 LAST 
VECTOR 2 AND 3 LAST 
ROTATE 2 AND 3 LAST 


BIT SIGNIFICANCE 
(When = 0) 



(Reference: Vol. 2, Fig. 9-21) 


121 MULTIPLY DOUBLE 1 LAST 

337 DIVIDE DOUBLE 1 LAST 

277 SQUARE ROOT 1 LAST 

363 PRESCALE 1 LAST 

367 VECTOR 1 LAST 

373 ROTATE 1 LAST 









5 

4 

3 

2 

1 

o 


Bits 7-0 of the destination bus 


Previous status zero: if an instruction 
specifies Save Status, transfer bit 13 to 
bit 8 before updating bit 13 


Greater than: if an instruction specifies Save 
Status, generate the value ox bit 9 according to 
the previous contents of bits 10 and 11. 




Carry save: carry out of the MSB of the ADDER 


Sign of X register: equa ls bit 2 l5 of Source for Adds and 
Transfers; equals bit of Source for Subtracts 

Sirin r> f rC C v*'( f 1 SlCT 


Bit 13 set menus ADDER = 0 
Complement of the sign of the ADDER 


ift save 


Figure 3-5. Condition Register Format 
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Table 3-7. Discrete Bit Inputs to MPC Source Selector 


BIT 

INPUT 

0 

Display Number Indicator Switch 0 

1 

Display Number Indicator Switch 1 

2 

Display Number Indicator Switch 2 

3 

Display Number Indicator Switch 3 

4 

Alter Mode Switch 


5 

I/O Active Signal 


6 

General Register Select Indicator Switch 

7 

Instruction Register Select Indicator Switch 

8 

Normalize 2^ Signal 


9 

Normalize 2* Signal 


10 

2 

Normalize 2 Signal 

> Shift Count 

11 

3 

Normalize 2 Signal 


12 

4 

Normalize 2 Signal 


13 

5 

Normalize 2 Signal ^ 


14 

Not used 


15 

Not used 



3) Selector control bits = 10: Condition Register 

4) Selector control bits = 11: Micro P Hold Register (bits 12 to 15 = 0). 

3-35. The master clear (also called master reset) circuits generate the master 
clear signal from two sources: the MASTER CLEAR switch on the maintenance console, 
and the power supply. When in Normal (Run) mode, the only effect of the MASTER 
CLEAR switch is to clear the fault indicators. The power supply monitors the +5 
Vdc output and generates a master clear signal if the voltage falls below tolerance. 
When powering up, the signal is generated to produce an initial clear until the 
+5 Vdc output reaches its normal operating voltage. The master clear signal sets 
most of the registers and flip-flops to an initial condition and causes the MPC 
to enter the micro program at micro memory address 0000 to begin an Initialize 
subroutine, or to enter the diagnostic subroutine if the diagnostic jump switch is 
up. 
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3-36. Figure 3-6 is a simplified diagram of the master cl ick s.:■ r- c? They pro¬ 
duce a series of 'timing pulses called the phase early (0e) and rwmal ($n) 

pulses, which are used throughout the DPS. Their frequency and duration depend on 
the selected delay line taps. Figure 3-7 shows the approximate tiw relationships 
of the various elements within the master clock. The deck cycle ie approximately 
150 nsec. The 0e pulse and the 0n pulse each have a duration of arHV-'odmateJy 50 
nsec. 

3-37. Repeat Control. The repeat control section is concerned wit Is .re Reperi t 
microinstructions (function code = 16) which require the repetitive c-vding of 
microprogram subroutines. The section consists of a cycle counter , a aaicroinstruc- 
tion count hold register, an instruction counter, and a comparet«7. Jv the repeat 
microinstructions, the D-field acts as a secondary function code (F;>). For 
F 2 codes 0-7, the S & M fields combined are called the K-field and tvvdiy the cycle 
count, which the MFC loads into the cycle counter. The instrueties? count is gener¬ 
ated by hardware. For F 2 codes above 7, the cycle counter must be leaked by a 
previous instruction, and bits 0-3 of the K-field (the M-field) specif? the count 
for the microinstruction count hold register. The count specified rrasr be one less 
than the number of microinstructions to be repeated. The repeat microinstruction 
always sets the microinstruction counter to zero. As each micro!carfraction in a 
series is executed, the counter advances by one. When the counter and the micro¬ 
instruction count hold register are equal, the cycle counter is incremented, the 
microinstruction counter is reset to zero, and the address stored i» the micro P 
hold register is loaded into micro P to repeat the series. The series repeats until 
terminated by the cycle counter. 
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Figure 3-7. Master Clock Timing 


3-38. 12-bit cycle counter is loaded through the micro P address selector. It 
initially receives the complement of the cycle count, and advances by one each 
cycle until it fills and generates a terminal count signal. It can also be used 
for other functions, with the micro control (F = 15) microinstruction providing 
control to advance the counter. The microinstruction counter and microinstruction 
count hold register each contain four bits. The count hold register receives its 
input from the repeat selector, which transmits the M-field when F 2 is greater 
than 7, or generates an instruction count when F 2 is 0 to 7. The instruction count 
comparator compares the count of the counter and the count hold register. 

3-39. Arithmetic. The arithmetic section performs most of the arithmetic and logic 
functions of the DPS. Arithmetic control is scattered throughout the logic schem¬ 
atics, but mostly appears on figures 9-37 and 9-38. The following paragraphs de¬ 
scribe the major elements of the arithmetic section and their functions, 

3-40. The arithmetic section contains two scratch pad memory stacks. One is 
called the ALU file and contains registers Aq through Aj. The other is called the 
accumulator stack and contains four registers which are duplicates of Aq through 
A 3 . When the specified destination of an operand is one of registers Ao through 
A 3 , it is stored in both the ALU file and the accumulator stack. Data can be 
written into and read from different addresses of the stacks simultaneously. Both 
are loaded from the destination bus. Data from the ALU file is placed on the 
source bus. Data read from the accumulator stack is gated into the accumulator 
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register via the accumulator selector. The D-field in most microinstructions, 
besides designating the destination for the result, also designates one of the 
registers Aq through A 3 as the accumulator source. 

3-41. The accumulator register and X register provide the inputs to the ALU. They, 
in turn, receive their inputs from the accumulator selector and the X selector. 

The usual source for the accumulator selector is the accumulator stack (Ao - A 3 ). 

The usual source for the X selector is the source register. Both selectors some¬ 
times use the data from the destination bus, the X selector when S = D and the 
accumulator when destination = accumulator, as described in paragraph 3-32. 

3-42. The heart of the arithmetic section is the arithmetic/logic unit (called the 
ALU chips and accompanying carry look-ahead chips are described in paragraphs 3- 
and 3- 

3-43. The ALU output passes through the shift selector, which is capable of shift¬ 
ing the result as shown in table 3-8. A shift source selector determines the input 
to bit 15 on right shifts and to bit 0 on left shifts. The shift selector handles 
the shifting required for most of the complex arithmetic functions, such as divide, 
square root, etc. High speed multiply circuits in the processor/emulator perform 
the multiply function and a high speed shift matrix performs the shift function. 

The ALU output through the shift selector goes to the destination bus. Note that 
this is the only input to the destination bus and, therefore, is always on the bus 
and is the only data on the bus. 

3-44. Display Control. The MPC contains a microprogram subroutine that controls 
the control panel display function through the display control circuits. The dis¬ 
play subroutine begins at micro memory address 214q. It is entered automatically 
whenever the computer is not in the Run mode, and thus permits manual manipulation 
of registers whenever the DPS is not performing instructions. Chapter 2 lists the 
displayable registers and gives the procedures for displaying and changing them. 

The display indicator switches on the maintenance panel constantly display the con¬ 
tents of the 16-bit display register through the display bus. The register to be 
displayed is selected by means of the MICRO ADRS, MICRO INSTR, NORM DSPL, GENL DSPL, 
INSTR REG, GENL REG, and DSPL NUMBER indicator switches on the maintenance panel. 
These indicator switches appear on figure 9-24 and 9-55 of the logic schematics in 
Volume 2. The microprogram loads the contents of the selected register into the 
display register through the panel selector. When the contents of the display 
register indicator switches on the panel are manually changed, the microprogram 
reads the change from the display bus through the panel selector onto the source 
bus and changes the contents of the actual register. The gating of the panel 
selector is shown below. The micro address selector and the micro P register have 
only 12 bits. When the micro P register is gated, the upper four bits are gated as 
zero’s. When the micro address selector is gated, bits 12 to 15 are added from the 
source bus. This permits this path to be used for transferring source bus data to 
the display register. 


1 ) 

Selector 

control 

bits = 00: 

Display bus 

2 ) 

Selector 

control 

bits = 01: 

Micro address selector 

3) 

Selector 

control 

bits = 10: 

Microinstruction register 

4) 

Selector 

control 

bits = 11: 

Micro P register 
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3-45. PROCESSOR/EMULATOR. The processor/emulator operates with the program of 
macroinstructions. For each instruction, it generates an emulator control word 
(ECW) which causes the MPC to enter the proper microprogram subroutine and to issue 
the proper control signals for performing the macroinstruction. The processor/ 
emulator contains general registers, a program status section, and high speed shift 
and multiply circuits, all of which augment the general purpose MPC and combine with 
it to efficiently perform the tasks required of the Data Processing Set. Figure 
3-8 is a detailed block diagram of the processor/emulator. The following para¬ 
graphs describe its maj or sections and subsections. 

3-46. Function Control. The function control section translates the macroinstruc¬ 
tions and generates control signals that function together with the MPC and its 
microprogram to control the DPS. It consists of the instruction register (IR), the 
ECW stack, the emulate control circuits, and the IR selector. 

3-47. The 16-bit instruction register holds the macroinstruction that is currently 
being executed. It receives the instruction from main memory via the memory inter¬ 
face section and the source bus. (See Chapter 2 and Appendix B for descriptions of 
the macroinstructions and the instruction word formats.) A comparator circuit moni¬ 
tors the A and M fields and, when equal, generates a signal used for the F = 14, 

F 2 = 12 Branch microinstruction. 

3-48. The emulator’ control word stack is a ROM containing 256 16-bit words. The 
upper eight bits of the macroinstruction word (six-bit operation code and two-bit 
format code) address it. At each address, it contains an emulator control word 
(ECW) peculiar to that instruction. The last portion of the microprogram listing 
in Appendix C is a listing of the ECW stack contents. Figure 3-9 shows the ECW 
format. The lower nine bits of each ECW word are called the address pointer and 
are sent to the MPC as the starting address of a microprogram subroutine. Bits 1 
through 4 of the address pointer can be modified by the macroinstruction m-field 
(IRO-3) through four gates appearing on figure 9-66. The unary macroinstructions 
use the m-field as a secondary operation code. Modifying the address pointer 
permits starting at different microprogram addresses for each code. ECW bits 9 
through 12 are called the Unary, Overlap, Interim and Modify pointers, respectively. 
The Unary pointer, when both it and the Modify bit are zero, signifies a Unary 
macroinstruction, and one of its functions is to enable the ECW address pointer to 
be modified by the m-field. When the Modify pointer is one, the primary purpose 
of the Unary pointer is to enable or inhibit the next instruction write function. 

The Overlap pointer, when equal to one, permits overlap of macroinstructions. It 
enables the next macroinstruction to be read from main memory early, without wait¬ 
ing for completion of the microprogram subroutine, and enables the setting of a 
next instruction resident (NIR) control bit, which signifies that the next macro¬ 
instruction is already available. The Interim pointer is coded into the ECW word 
for RK and RX format macroinstructions. These are double length instructions and 
require an interim memory reference to obtain the second half of the instruction 
word. The Modify pointer, when zero, combines with the Unary pointer to enable 
the address pointer to be modified by the m-field. When equal to one, it signifies 
the RI and RX format macroinstructions, which require an additional memory reference 
to fetch or store an operand. The upper three bits of the ECW word are the Memory 
Mode pointers and are interpreted as shown in figure 3-9. Note that bit 13 is the 
Read/Write bit, signifying read mode when zero and write mode when equal to one. 

On I/O sequences, memory mode pointer bits are generated according to IOC conditions 
and the ECW memory mode pointers are disabled. 
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Figure 3-8. Processor/Emulator Functional Block Diagram 
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Table 3-8. ALU Shift Selector Functions 


SELECTOR CONTROL BITS 1 

FUNCTION 

00 

No Shift 

01 

Byte Shift (8 Places Circular) 

10 

Shift Right One Place 

11 

Shift Left One Place 


MODIFY 


15 


14 


13 


12 


INTERIM 


11 


OVERLAP 


10 


UNARY 


M 


0 


U 


7 

6 

5 

4 | 

3 

2 

1 

□ 


Emulation Pointer Address 


0000 

0001 

0010 

‘0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 


RR Unary; modify ECW pointer by m; no overlap 
RR; no overlap 

RR Unary; modify ECW pointer by m; overlap 
RR; overlap 

RK Unary; modify ECW pointer by m; no overlap 
RK; no overlap 

RK Unary; modify ECW pointer by m; overlap 
RK; overlap 

RI; Inhibit next instruction write 
RI; Enable next instruction write 
RI; Branch direct from Branch 1 
RI; Branch direct from Branch 1 
RX; Inhibit next instruction write 
RX; Enable next instruction write 

RX; Inhibit indexing; inhibit next instruction write 
RX; Inhibit indexing; enable next instruction write 


Memory Mode 


000 - Read word 
001 - Write word 
010 - Read odd word 
Oil - Write odd word 

100 - Read split cycle 

101 - Write zeros 

110 - Read byte 

111 - Write byte 


Figure 3-9. Emulator Control Word (ECW) Format 
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3-49. The emulate control circuits provide the hardwired control logic that func¬ 
tions together with the MPC and its microprogram to control the operation of the 
DPS. Emulate control circuits are scattered throughout the logic schematics but 
are mainly found on figures 9-62 through 9-65. For help in understanding these 
control circuits, refer to the functional operation description starting at para¬ 
graph 3- . Micro address generator circuits located on figure 9-63 generate the 

addresses of fixed microprogram subroutines (see table 3-2). These addresses are 
generally called interrupt addresses and interim addresses. They are placed on a 
common bus with similar addresses from the IOC (figure 9-201) and are sent to the 
micro address selector in the MPC. 


3-50. The IR selector, when its output gates are enabled, places 
onto the source bus as follows: 


1 ) 

Selector 

control 

bits = 00: 

2 ) 

Selector 

control 

bits = 01: 

3) 

Selector 

control 

bits = 10: 

4) 

Selector 

control 

bits = 11: 


IR (Instruction Reg) 

IR lower byte, sign extended 
CORDIC table from NDRO 
General Register 


one of four inputs 


3-51. General Registers. The general register section contains the general reg¬ 
isters, the SGR, and the SGR selector. A general register stack consists of sixteen 
16-bit registers. For the optional second set of general registers, a type 5520 card 
is used at location 12C instead of the type 5510. The second set is enabled when 
bit 14 of status register #1 is set. When a register is enabled and is addressed by 
the SGR register, it becomes active; that is, its contents appear on the stack out¬ 
put lines, and it is capable of being loaded. The general registers receive data 
directly from the destination bus; their output is placed on the source bus via 
the IR selector. 

3-52. The 4-bit SGR register holds the general register address. It can be incre¬ 
mented by one each clock pulse. The 4-bit SGR selector selects one of four inputs 
to load into the SGR register as follows: 


1) Selector control bits = 00 

2) Selector control bits = 01 

3) Selector control bits = 10 

4) Selector control bits = 11 


IR A-field 
IR A-field with 
IR M-field with 
Lower four bits 


lower bit clear 
lower bit clear 
from source bus 


3-53. Program Status Section. The program status section contains two status 
registers, the real time clock and monitor clock, the PSW selector, and the inter¬ 
rupt control circuits. 

3-54. Status register #1 and status register #2 are 16-bit registers for storing 
program status information. Except for several bits, their setting and clearing 
is a program responsibility. They can be set and cleared using the unary control 
macroinstruction (Op Code 03). They receive their input from the destination bus. 
Figure 3-10 shows the significance of the bits in status register #1. Bits 1-3, 
when set, permit the honoring of interrupts of their assigned class; when cleared, 
they prevent the honoring of interrupts of their class. Bit 4 is used with the DMA 
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15 


14 


13 


12 


11 


10 


0 


0 = DMA locked out 
1 = DMA enabled 


Interrupt lockout designators: 
bit 1 = Class III 
bit 2 = Class II 
bit 3 = Class I 

A bit cleared means the inter¬ 
rupts in that class are locked 
out. 


Not used 


Not used 


Condition code designator; the condition of these 
bits specifies the result of arithmetic and compare 
instructions as shown in table 3-9. 


Overflow designator; this bit sets when an arithmetic 
or shift operation produces a result which requires 
more bits than provided in the register. 


Carry designator; this bit sets when an arithmetic 
operation generates a carry out of the most 
significant bit in the register. 


NDRO Mode: The condition of this bit shall select 
access to NDRO memory. 

Bit 12 « 0, selects NDRO for addresses 00-77 and 300-477 

Bit 12 = 1, selects main memory for addresses 00-77 and 300-477 


Not used 


0 = General Register set 0 (standard set) 
1 = General Register set 1 (optional set) 


Not used 


Figure 3-10. Status Register #1 Format 
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(direct memory access) option; when cleared it disables the DMA port to prevent the 
external device from gaining access to the main memory. Bits 5-7 are unassigned. 
Bits 8 and 9 (condition code designators), bit 10 (overflow designator), and bit 11 
(carry designator) are capable of being set and cleared automatically as a result 
of arithmetic operations. See Table 3-9 for the significance of the condition code 
designators. Bit 12, when cleared, permits referencing the NDRO memory. Bit 14 
selects the general register stack to be used, Bits 13 and 15 are unassigned. 
Figure 3-11 shows the significance assigned to the bits of status register #2. 

Bits 0-3 are unassigned. Bits 4-7 are assigned to the memory resume error, and 
show which IK (1024 word) stack of main memory failed to respond. Bits 8-15 con¬ 
trol the use of four general registers for direct or indirect addressing. 

3-55. The real-time clock (RTC) register is a 32-bit register divided into two 
16-bit registers designated RTC Upper and RTC Lower. It operates in conjunction 
with an internal oscillator or an external clock signal. The register can be 
loaded and its incrementing can be enabled and disabled under program control by 
means of the unary control macroinstruction (Op Code 03). It receives its input 
from the destination bus. When enabled, the register increments by one at each 
pulse from the oscillator, and generates the RTC overflow interrupt if the con¬ 
tents of RTC Lower change from all ones to all zeros (i ,e., reach its maximum 
count). The internal RTC oscillator frequency is 1000 Hz. The external clock 
frequency can be from 0 to 50 KHz; its interface voltage must be Ov to -3v. 


Table 3-9. Condition Code Designator Functions 


CONDITION CODE 

FUNCTION 

Bit 

Value 

Arithmetic Operation 

$ 

Compare Operation 

8 

0 

Zero 


Equal 

8 

1 

Not zero 


Not 

equal 

9 

0 

Positive 


R > 
a 

R or Y 
m 

9 

1 

Negative 


R < 
a 

R or Y 
m 

COMBINED VALUE 





Bit 9 

Bit 8 





0 

0 

Zero 


R = 
a 

P, or Y 
m 

0 

1 

Not zero and positive 


r a> 

R or Y 
m 

1 

0 

Not used 


Not 

used 

1 

1 

Not zero and negative 

--- —.— -- — - 


R < 
a 

R or Y 
m 
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Figure 3-11. Status Register #2 Format 
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3-56. The monitor clock register (also called interrupt clock register) is mainly 
used for monitoring the response time of peripheral devices for the IOC. It may 
be loaded and enabled by the Unary macroinstruction (Op Code 03). It is loaded 
from the IOC output data register, and decrements at the same frequency (internal 
or external) as selected for the RTC register. When operated on the internal 
clock (1000 Hz) the value of the least significant bit (LSB) is one msec, and a 
full 16-bit value is 65.536 seconds. When the contents of the register reaches 
zero, the Monitor Clock interrupt is generated. 

3-57. The program status word (PSW) selector selects an output to gate onto the 
source bus as follows: 


1 ) 

Selector control bits 

= 00: 

RTC upper 

2 ) 

Selector control bits 

= 01: 

Status register #1 

3) 

Selector control bits 

= 10: 

Status register #2 

4) 

Selector control bits 

= 11: 

RTC lower 

3-58. 

The interrupt control 

circuits initiate the processing of an interrupt and 


cause the micro address generator (para 3-49) to send the MPC the starting address 
of a microprogram subroutine for handling the interrupt (see table 3-2), Inter¬ 
rupts are divided into three classes with decreasing priority as follows: Class I, 
class II, and class III. Interrupts within a class are also assigned priority 
as shown in Table 3-10. The code assigned to the honored interrupt is placed onto 
the source bus through the I/O selector, figures 9-222 through 9-225. When an 
interrupt is honored, its class and all classes of a lower priority are locked out 
until released by the processor macroprogram. A higher priority class will inter¬ 
rupt a lower priority class unless it has been locked out by the program. An 
interrupt class (except power fault interrupt and CP instruction fault interrupt) 
can be enabled or locked out by the associated interrupt lockout designator in status 
register #1 (figure 3-10). The programmer, therefore, has complete control over the 
processing of interrupts. The power up master clear (initial master clear) clears 
the lockout bits in the status register, thus disabling most interrupts until the 
program is ready to handle them. The program, when ready, must execute a Load 
Status Reg #1 macroinstruction (Op Code 03, n = 5) to enable them. Processing of 
an interrupt consists of storing pertinent data to allow resuming normal macroprogram 
operation from point of interruption and then transferring control to a macroprogram 
subroutine to process the interrupt. Eight main memory references are required 
before transferring control to the interrupt subroutine. Addressing for the eight 
memory references is shown in figure 3-12. These eight addresses are not loaded 
into the P register but directly into the memory address register (MAR). When the 
eight memory references are completed, the contents of the P register, which now 
contains the address of the first instruction of the interrupt subroutine, are 
loaded into MAR to start executing the interrupt subroutine. Following is a step-by- 
step description of the interrupt process. 

1. Terminate the current program sequence and lockout all interrupts during 
steps 2 through 5. 

2. Store the contents of the P register, status registers #1 and #2, and the 
lower RTC register at assigned main memory addresses (figure 3-12). 
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Table 3-10. Interrupt Priority 


CLASS 

PRIORITY 

WITHIN 

CLASS 

INTERRUPT 

INTERRUPT 

CODE 

(BINARY) 

CLASS I 

1 

POWER FAULT - Generated by an out of tolerance 
voltage condition, (No lockout) 

000 

Hardware 

Errors 

2* 

MEMORY RESUME - Generated when the main memory 
fails to acknowledge a request within 12 usee. 

001 

CLASS II 

Program 

Interrupts 

i* 

CP INSTRUCTION FAULT - Generated when the 
processor attempts to execute an instruction 
with an unused operation code, an operation 
code 00, or an operation code 7X, (No lockout) 

000 


2* 

IOC INSTRUCTION FAULT - Generated when the 

IOC attempts to execute an instruction with 
an unused operation code or any operation 
code other than 7X. 

001 


3 

Unassigned 

010 


4* 

EXECUTIVE RETURN - Generated when the computer 
executes the 03 RR, m = 0 instruction. 

Oil 


5 

RTC OVERFLOW - Generated when the contents of 
the RTC lower register (bits 0-15) increments 
from all ones to ail zeros. 

100 


6 

MONITOR CLOCK - Generated when the contents 
of the monitor clock register equals zero. 

101 

CLASS III 

1 

INTERCOMPUTER (IC) TIME OUT - Generated in 
the transmitting computer when the receiving 

11 

I/O 

Interrupts 


computer fails to accept a data word from the 
transmitting computer and return a resume 
signal within the allotted time. 



2 

1 EXTERNAL INTERRUPT - Generated when the com¬ 
puter has stored an external interrupt word 
or, if serial interface (except NTDS), gen¬ 
erated for a discrete interrupt. 

00 


3 

OUTPUT CHAIN (Output Monitor Interrupt) - 
Generated when the IOC executes the 73 RR, 
a =* 1 (Chain Interrupt) instruction from an 
output chain. 

10 


4 

INPUT CHAIN (Input Monitor Interrupt) - Gen¬ 
erated when the IOC executes the 73 RR, a = 1 
(Chain Interrupt) instruction from an input 
chain. 

01 


* If the class lockout is set when this condition is generated, the DPS will 
stop at completion of the macroinstruction currently being executed. 
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15 <r 


-> 9 


000 = STOKAGE FOR P 
001 = STORAGE FOR STATUS //I 
010 = STORAGE FOR STATUS //2 
Oil = STORAGE FOR RTC LOWER 

100 = LOAD P 

101 = LOAD STATUS #1 

110 = LOAD STATUS #2 

111 = STORAGE FOR RTC UPPFR 


001 = CLASS III INTERRUPT 
010 = CLASS II INTERRUPT 
Oil = CLASS I INTERRUPT 


ALL ZEROS 


Figure 3-12. Interrupt Addressing 
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I 

3. Load the P register with the interrupt entrance address. For class I and II 
interrupts, the entrance address is the sum of the contents of the Load P address 
from main memory and the index shown in figure 3-13. For class III interrupts, the 
index shown in figure 3-14 is added to the contents of the Load P address to form the 
entrance address. 

4. Load status registers #1 and #2 with the contents of the assigned memory 
addresses. 


5. Store the contents of the upper RTC register at its assigned memory address. 

6 . Enable honoring of any interrupts not locked out. 

7. Execute the instruction at the interrupt entrance address. 

3-59. High Speed Shift and Multiply Section. This section is dedicated to per¬ 
forming the shift and multiply functions for the DPS, including the functions of 
the Unary Shift macroinstruction (Op Code 04, RR). It performs these functions 
faster than possible in tiie arithmetic circuits of the MPC. A description of its 
main subsections follows. 


3-60. Rj and Ro are also called shift register upper and shift register lower, 
respectively. They are the input registers for the high speed shift and multiply 
section. They receive their data directly from the destination bus. They have 
the capability of shifting their contents left or right one place when needed for 
arithmetic operations. The upper and lower selectors determine the nature of the 
input into their portion of the shift matrix, as required for circular, sign-fill, 
or zero-fill shifts. A ROM chip in the shift matrix control circuits (09, figure 
9-39) is addressed according to the shift count and type of operation, and issues 
the signals to control each selector. Table 3-11 shows the contents of this chip. 
Both selectors operate as follows: 


1 ) 

Selector 

control 

bits = 00 

2 ) 

Selector 

control 

bits = 01 

3) 

Selector 

control 

bits = 10 

4) 

Selector 

control 

bits = 11 


Insert zeros into matrix 
Insert sign into matrix 
Insert R 2 into matrix 
Insert R^ into matrix 


3-61. The shift matrix has two ranks. Rank 1 shifts the data to the right 0, 4, 

8 , or 12 places; rank 2 shifts right 0, 1, 2, or 3 places. The two ranks together 
can shift any number of places from 0 to 15. They accomplish left shifts by shift¬ 
ing the complementary number of places right. A ROM chip in the shift matrix 
control circuits (24, figure 9-40) is addressed according to the type of shift 
and the shift count, and issues the signals to control each rank. Table 3-12 shows 
the contents of this chip. The output of the shift matrix is placed onto the source 
bus through gates appearing on figures 9-33 through 9-36. When performing the 
optional CORDIC functions, the count in the shift counter of the shift control cir¬ 
cuits forms an address for referencing the CORDIC table in NDRO memory. 


3-62. The fast shift and multiply section performs multiplication two bits at a 
time under the control of a multiply subroutine in the microprogram. Basically, 
the operations involved in the multiply are as follows: 

1) Multiplier-»• R 2 reg; clear partial product reg. 
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Figure 3-13. Class I and II Interrupt Entrance Address Index 



Figure 3-14. Class III Interrupt Entrance Address Index 
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Table. 3-11. Microcode for Shift Control ROM 09 


PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

000 

0 

1110 

060 

48 

1010 


1 

1111 

061 

49 

1010 

002 

2 

1011 

062 

50 

1010 

HP 

3 

1010 

063 

51 

1010 

■1Isss 

4 

1110 

064 

52 

0110 

005 

5 

1111 

065 

53 

0101 

006 

6 

1011 

066 

54 

0101 

007 

7 

1010 

067 

55 

oioi s 

010 

8 

1011 

070 

56 

nil 

Oil 

9 

1010 

071 

57 

nil 

012 

10 

1110 

072 

58 

nil 

013 

11 

1111 

073 

59 

nil 

014 

12 

1011 

074 

60 

nil 

015 

13 

1010 

075 

61 

nil 

016 

14 

1110 

076 

62 

0111 

017 

15 

1111 

077 

63 

0101 

020 

16 

0000 

100 

64 

0000 

021 

17 

0000 

101 

65 

0000 

022 

18 

0000 

102 

66 

0000 

023 

19 

0000 

103 

67 

0000 

024 

20 

0000 

104 

68 

0011 

025 

21 

0000 

105 

69 

0011 

026 

22 

1000 

106 

70 

1110 

027 

23 

1010 

107 

71 

1110 

030 

24 

0000 

no 

72 

0000 

031 

25 

0000 

111 

73 

0000 

032 

26 

0000 

112 

74 

0000 

033 

27 

0000 

113 

75 

0000 

034 

28 

1000 

114 

76 

0000 

035 

29 

1010 

115 

77 

0000 

036 

30 

1110 

116 

78 

0011 

037 

31 

1111 

117 

79 

0011 

040 

32 

1111 

120 

80 

0101 

041 

33 

1111 

121 

81 

0101 

042 

34 

1111 

122 

82 

0101 

043 

35 

1111 

123 

83 

0101 

044 

36 

mi 

124 

$4 

0111 

045 

37 

mi 

125 

85 

0111 

046 

38 

nil 

126 

86 

1110 

047 

39 

mi 

127 

87 

1110 

050 

40 

0000 

130 

88 

0101 

051 

41 

0000 

131 

89 

0101 

052 

42 

0000 

132 

90 

0101 

053 

43 

0000 

133 

91 

0101 

054 

44 

0000 

134 

92 

0101 

055 

45 

0000 

135 

93 

0101 

056 

46, 

1100 

136 

94 

0111 

057 

47 

nil 

137 

95 

0111 
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Table 3-11. Microcode for Shift Control ROM 09 (Cont) 


PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

140 

96 

141 

97 

142 

98 

143 

99 

144 

100 

145 

101 

146 

102 

147 

103 

150 

104 

151 


152 

106 

153 

107 

154 

108 

155 

109 

156 

110 

157 

111 

160 

112 

161 

113 

162 

114 

163 

115 

164 

116 

165 

117 

166 

118 

167 

119 

170 

120 

171 

121 

172 

122 

173 

123 

174 

124 

175 

125 

176 

126 

177 

127 

200 

128 

201 

129 

202 

130 

203 

131 

204 

132 

205 

133 

206 

134 

207 

135 

210 

136 

211 

137 

212 

138 

213 

139 

214 

140 

215 

141 

216 

142 

217 

143 


1 | 

PROGRAM 

CHIP 


CHIP 

ADDRESS 

ADDRESS 

CHIP 

DATA 

(OCTAL) 

(DECIMAL) 

DATA 

1011 

220 

144 

0101 

1011 

221 

145 

0101 

1110 

222 

146 

0101 

1110 

223 

147 

0111 

1011 

224 

148 

0111 

1011 

225 

149 

1110 

1110 

226 

150 

1110 

1110 

227 

151 

1000 

1110 

230 

152 

0101 

1110 

231 

153 

0101 

1011 

232 

154 

0101 

1011 

233 

155 

0101 

1110 

234 

156 

0101 

1110 

235 

157 

0111 

1011 

236 

158 

0111 

1011 

237 

159 

1110 

ini 

240 

160 

0111 

nil 

241 

161 

0111 

nil 

242 

162 

0111 

nil 

243 

163 

0111 

nil 

244 

164 

0111 

nn 

245 

165 

0111 

nil 

246 

166 

0111 

nn 

247 

167 

0111 

0000 

250 

168 

0000 

0000 

251 

169 

0000 

0000 

252 

170 

onoo 

0000 

253 

171 

0000 

0000 

254 

172 

0000 

0000 

255 

173 

0000 

0000 

256 

174 

0000 

0000 

257 

175 

0000 

0000 

260 

176 

0000 

0000 

261 

177 

0000 

0000 

262 

178 

0000 

0011 

263 

179 

0000 

0011 

264 

180 

0000 

1110 

265 

181 

0000 

1110 

266 

182 

0000 

1000 

267 

183 

0000 

0000 

270 

184 

0000 

0000 

271 

185 

0000 

0000 

272 

186 

0000 

0000 

273 

187 

0000 

0000 

274 

188 

0000 

0011 

275 

189 

0000 

0011 

276 

190 

0000 

1110 

277 

191 

0000 












Table 3-11. Microcode for Shift Control ROM 09 (Cont) 


PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

300 

192 

0111 

360 

240 

0000 

301 

193 

0111 

361 

241 

0000 

302 

194 

0111 

362 

242 

0000 

303 

195 

0111 

363 

243 

0000 

304 

196 

0111 

364 

244 

0000 

305 

197 

0111 

365 

245 

0000 

306 

198 

0111 

366 

246 

0000 

307 

199 

0111 

367 

247 

0000 

310 

200 

0101 

370 

248 

0000 

311 

201 

0101 

371 

249 

0000 

312 

202 

0101 

372 

250 

0000 

313 

203 

0101 

373 

251 

0000 

314 

204 

0101 

374 

252 

0000 

315 

205 

0101 

375 

253 

0000 

316 

206 

0110 

376 

254 

0000 

317 

207 

0110 

377 

255 

0000 

320 

208 

0000 




321 

209 

0000 




322 

210 

0000 




323 

211 

0000 




324 

212 

0000 




325 

213 

0000 




326 

214 

0000 




327 

215 

0000 




330 

216 

0000 




331 

217 

0000 




332 

218 

0000 




333 

219 

0000 




334 

220 

0000 




335 

221 

0000 




336 

222 

0000 




337 

223 

0000 




340 

224 

1110 




341 

225 

1110 




342 

226 

0000 




343 

227 

0000 




344 

228 

0000 




345 

229 

0000 




346 

230 

1000 




347 

231 

0010 




350 

232 

0111 




351 

233 

0111 




352 

234 

0000 




353 

235 

0000 




354 

236 

1000 




355 

237 

1110 




356 

238 

1110 




357 

239 

0011 
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Table 3-12. Microcode for Shift Control ROM 24 


PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

400 

0 

0001 

460 

48 

0000 

401 

1 

0010 

461 

49 

0000 

402 

2 

0011 

462 

50 

0000 

403 

3 

0100 

463 

51 

0000 

404 

4 

0101 

464 

52 

0000 

405 

5 

0110 

465 

53 

0000 

406 

6 

0111 

466 

54 

0000 

407 

7 

1000 

467 

55 

0000 

410 

8 

1001 

470 

56 

0000 

411 

9 

1010 

471 

57 

0000 

412 

10 

1011 

472 

58 

0000 

413 

11 

1100 

473 

59 

0000 

414 

12 

1101 

474 

60 

0000 

415 

13 

1110 

475 

61 

0000 

416 

14 

1111 

476 

62 

0000 

417 

15 

0000 

477 

63 

0000 

420 

16 

1111 

500 

64 

0001 

421 

17 

1110 

501 

65 

0010 

422 

18 

1101 

502 

66 

0011 

423 

19 

1100 

503 

67 


424 

20 

1011 

504 

68 

0101 

425 

21 

1010 

505 

69 

0110 

426 

22 

1001 

506 

70 

0111 

427 

23 

1000 

507 

71 

1000 

430 

24 

0111 

510 

72 

1001 

431 

25 

0110 

511 

73 

1010 

432 

26 

0101 

512 

74 

1011 

433 

27 

0100 

513 

75 

1100 

434 

28 

0011 

514 

76 

1101 

435 

29 

0010 

515 

77 

1110 

436 

30 

0001 

516 

78 

1111 

437 

31 

0000 

517 

79 

0000 

440 

32 

1110 

520 

80 

1111 

441 

33 

1101 

521 

81 

1110 

442 

34 

1100 

522 

82 

1101 

443 

35 

1011 

523 

83 

1100 

444 

36 

1010 

524 

84 

1011 

445 

37 

1001 

525 

85 

1010 

446 

38 

1000 

526 

86 

1001 

447 

39 

0111 

527 

87 


450 

40 

0110 

530 

88 


451 

41 

0101 

531 

89 


452 

42 

0100 

532 

90 

1 

453 

43 

0011 

533 

91 

0100 

454 

44 

0010 

534 

92 

0011 

455 

45 

0001 

535 

93 

0010 

456 

46 

0000 

536 

94 

1 

457 

47 

0000 

537 

95 














Table 3-12. Microcode for Shift Control ROM 24 (Cent.) 


PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

CHIP 

DATA 

PROGRAM 

ADDRESS 

(OCTAL) 

CHIP 

ADDRESS 

(DECIMAL) 

A" 

540 

96 

1110 

620 

144 

OO-vi. ] 

541 

97 

1101 

621 

1 * ~ 

1 *-f-.. J 

ooxo ! 

542 

98 

1100 

622 

146 

•GfM 1 

543 

99 

1011 

623 

147 

0100 

544 

100 

1010 

624 

1.48 

ij 101 

545 

101 

1001 

625 

149 

0110 

546 

102 

1000 

626 

150 

0111 

547 

103 

0111 

627 

151 

1000 

550 

104 

0110 

630 

152 

.1001 

551 

105 

0101 

631 

153 

1010 

552 

106 

0100 

632 

154 

1011 

553 

107 

0011 

633 

155 

1100 

554 

108 

0010 

634 

156 

1101 

555 

109 

0001 

635 

157 

1110 

556 

110 

0000 

636 

158 

1111 

557 

111 

1111 

637 

159 

0000 

560 

112 

0011 

640 

160 

0000 

561 

113 

0100 

641 

161 

0001 

562 

114 

0110 

642 

162 

0010 

563 

115 

1011 

643 

163 

0011 

564 

116 

0011 

644 

164 

0100 

565 

117 

1011 

645 

165 

0101 

566 

118 

1001 

646 

166 

0110 

567 

119 

1010 

647 

167 

0111 

570 

120 

1110 

650 

168 

1000 

571 

121 

0000 

651 

169 

1001 

572 

122 

0000 

652 

170 

1010 

573 

123 

0000 

653 

171 

1011 

574 

124 

0000 

654 

172 

1100 

575 

125 

0000 

655 

173 

1101 

576 

126 

0000 

656 

174 

1110 

577 

127 

0000 

657 

175 

1111 

600 

128 

1111 

660 

176 

0001 

601 

129 

1110 

661 

177 

0010 

602 

130 

1101 

662 

178 

0011 

603 

131 

1100 

663 

179 

0100 

604 

132 

1011 

664 

180 

0101 

605 

133 

1010 

665 

181 

0110 

606 

134 

1001 

666 

182 

0111 

607 

135 

1000 

667 

183 

1000 

610 

136 

0111 

670 

184 

1001 

611 

137 

0110 

671 

185 

1010 

612 

138 

0101 

672 

186 

1011 

613 

139 

0100 

673 

187 

1100 

614 

140 

0011 

674 

188 

1101 

615 

141 

0010 

675 

189 

1110 

616 

142 

0001 

676 

190 

1111 

617 

143 

0000 

677 

191 

0000 
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Table 3-12. Microcode for Shift Control ROM 24 (Cont) 


PROGRAM 

CHIP 


PROGRAM 

CHIP 


ADDRESS 

ADDRESS 

CHIP 

ADDRESS 

ADDRESS 

CHIP 

(OCTAL) 

(DECIMAL) 

DATA 

(OCTAL) 

(DECIMAL) 

DATA 

700 

192 

0100 

760 

240 

0100 

701 

193 

1000 

761 

241 

1000 

702 

194 

1100 

762 

242 

1100 

703 

195 

0000 

763 

243 

0000 

704 

196 

0100 

764 

244 

0100 

705 

197 

1000 

765 

245 

1000 

706 

198 

1100 

766 

246 

1100 

707 

199 

0000 

767 

247 

0000 

710 

200 

0100 

770 

248 

0100 

711 

201 

1000 

771 

249 

1000 

712 

202 

1100 

772 

250 

1100 

713 

203 

0000 

773 

251 

0000 

714 

204 

0100 

774 

252 

0100 

715 

205 

1000 

775 

253 

1000 

716 

206 

1100 

776 

254 

1100 

717 

207 

0000 

777 

255 

0000 

720 

208 

1100 




721 

209 

1000 




722 

210 

0100 




723 

211 

0000 




724 

212 

1100 




725 

213 

1000 




726 

214 

0100 




727 

215 

0000 




730 

216 

1100 




731 

217 

1000 




732 

218 

0100 




733 

219 

0000 




734 

220 

1100 




735 

221 

1000 




736 

222 

0100 




737 

223 

0000 




740 

224 

1011 




741 

225 

0111 




742 

226 

0011 




743 

227 

mi 




744 

228 

1011 




745 

229 

0111 




746 

230 

0011 




747 

231 

mi 




750 

232 

1011 




751 

233 

0111 




752 

234 

0011 




753 

235 

mi 




754 

236 

1011 




755 

237 

0111 




756 

238 

0011 




757 

239 

mi 
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2) R „ (multiplier) -*■ feed reg.; multiplicand-* R 0 reg, 

3) Set cycle counter = 6 (to repeat 7 cycles). 

4) Initiate Repeat. 

5) Cycle 7 times (see figure 3-15). Each cycle looks at the : rsw ,* nine in the 
feed register (multiplier) and controls the adder and the insert)on ti the Re¬ 
register (multiplicand) into the adder as indicated in table 3-13, Or cash cycle, 
the adder output is shifted right two places into the partial product register and 
the two rightmost (least significant) bits are shifted into the most, significant 
bit positions of the feed register. The feed register also shifts two places right 
so the following cycle can look at the next bits of the multiplier. When the seven 
cycles are completed, the least significant half of the product u in the feed 
register, and the most significant half is in the partial product register. 

6) Store least significant half of product. 

7) Store most significant half of product. 

8) Set condition code. 

3-63. 26, 27, and 30 of the multiply control circuits (figure 9-42) provide the 

signals to control the inputs and functions of the multiply adder. The high speed 
multiply uses the Sq = 1 and Sj = 1 selections. The SjSq = 00 selection is used 
for normalize (scale) and other arithmetic functions, if performed in this section. 
A ROM chip (22, figure 9-42), addressed according to the type of shift and the 
instruction count, issues other control signals. Table 3-14 shows the addressing 
and the contents of this chip. 

3-64. For the Scale Factor macroinstruction (04 RR, m = 3), normalize circuits 
determine the position of the first significant bit in a word, develop a shift 
count, and cause the word to be shifted accordingly. The word is placed into the 
R2 register and sensed at the output of the multiply adder. The normalize de¬ 
tectors sense zeros; therefore, if the word is positive it is complemented by the 
multiply adder. The most significant 16 bits of double length words are checked 
first, then the least significant 16 bits. Circuits appearing on figure 9-41 
generate the shift count. Double length words require two passes. A flip-flop 
stores whether or not a significant bit was detected in the first pass, and a 4-bit 
register holds the shift count, if any, generated on the first pass. Bit 4 of the 
generated shift count is low (active) only if normalization occurs on the second 
pass (second half of the double length word). Bit 5 goes low (active) only if no 
significant bit is detected in either pass, and produces a count of IOOOOOO 2 . The 
shift count is placed onto the source bus through the MPC source selector. The 
count generated is one count high, so it is decremented by the microprogram. It 
is then placed into the shift counter and the word is shifted left that many places 
by the shift matrix to produce the normalized word. 

3-65. MEMORY INTERFACE. Figure 3-16 is a block diagram of the memory interface 
section. The memory interface transfers data to and from the main memory. It 
divides into four main sections: memory address control, memory data interface, 
memory control, and NDRO. The following paragraphs describe these sections and 
their subsections. 
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Figure 3-15. Multiply Timing 


Table 3-13. Adder Functions, High Speed Multiply 




Feed Reg 




3 2 10 


Set RPT 

Active (SO) 

= 1 

(Initiate 

Repeat) 



Add Zeros 

Add Multiplicand 

Subtract 2X Multiplicand 

Subtract Multiplicand 

RPT Active 
Delayed (SI) 

= 1 

(7 repeated 
cycles) 



Add Zeros 

Add Multiplicand 

Add Multiplicand 

Add 2X Multiplicand 

Subtract 2X Multiplicand 

Subtract Multiplicand 

Subtract Multiplicand 

Subtract Zeros 


(See U7, Ull, and U15, figure 9-42) 









Table 3-14. Microcode for Multiply Control ROM 22 
PROGRAM ADDRESS CHIP ADDRESS MICROCODE 


0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

2 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

3 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

4 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

5 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

8 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

0 

0 

1 

9 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

10 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

11 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

12 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

1 

13 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

15 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

16 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

17 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

18 

1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

1 

1 

19 

1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

21 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

22 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

23 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

24 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

25 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

26 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

27 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

28 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

29 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

30 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

31 

0 

0 

0 

0 

0 

0 

0 

0 
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Figure 3-16. Memory Interface Functional Block Diagram 
















3-66. Memory Address Control. The memory address control circuits provide the 
address information to the main memory or the NDRO memory, 

3-67. The program address register (P register) holds the address of the next 
macroinstruction. To read the next instruction, its contents are loaded into the 
memory address register (MAR) through the memory address selector. It then ad¬ 
vances by one to be ready for reading the subsequent instruction. Double length 
instructions require two memory references, with the P register advancing after 
each reference. Addresses of operands, addresses for Execute Remote instructions 
(Op Code 35 RK), and addresses for IOC memory references are not placed into the 
P register; they are placed directly into the MAR from the destination bus through 
the memory address selector. On jump instructions , the new address is loaded into 
the P register from the destination bus. 

3-68. The breakpoint register permits stopping the DPS when a pre-selected memory 
address is referenced. This function is especially useful when troubleshooting. 

The breakpoint register can be loaded manually from the control panel. It works 
in conjunction with the Read and Write Breakpoint switches on the panel. If the 
appropriate Read or Write Breakpoint switch is set, the DPS will stop if it refer¬ 
ences the address contained in the breakpoint register. Comparator circuits 
appearing on figures 9-52 and 9-53 check for equality between the contents of MAR 
and the breakpoint register. Gates appearing on figure 9-81 generate a stop signal 
if equality occurs at a write request while the breakpoint WRITE switch is activated 
or at a read request while the breakpoint READ switch is activated. 

3-69. The address from the memory address register (MAR) is transmitted to main 
memory through the page addressing circuits. This provides a capability often 
called relative addressing or virtual memory. It allows a block of program to be 
placed into any "page" of the main memory, and still be correctly addressed. All 
memory addresses are subject to page addressing; many of these addresses may already 
have been indexed or indirectly formed. Page addressing is illustrated in figure 
3-17. For page addressing, the lower ten bits of MAR are transmitted directly to 
the memory. They represent a page of 1024 (IK) addresses. The upper six bits 
select one of 64 page address registers. The contents of that register become the 
upper six bits of the memory address and effectively select one of 64 IK pages. 

The page address registers must be correctly loaded by program means, using the 
operation code 54 macroinstructions. The uppermost bit of the page address regis¬ 
ters is set by the control logic or by bit 15 when loading. It is used as a flag 
bit. When loading or storing the page address registers, the register number 
(address) is placed into the page counter. For multiple loads and stores, the 
counter advances to successive addresses. On master clears, an initialize subroutini 
residing in address 17s - 23g of micro memory loads each page address register with 

its own address, i.e. (00) = 0, (01) = 1, - (77s). Therefore, in the initial 

condition, all memory references are to the true memory addresses. 

3-70. Memory Data Interface. The memory data interface section transfers data to 
and from the main memory. It comprises the memory data register (MDR), the MDR 
selector, and the byte selector. 

3-71. The MDR holds the data being transmitted to or from the memory. It receives 
its input through the MDR selector as follows: S^Sq = 00, Source Bus; SjSq - 01, 
Destination Bus; SjSq = 11, Memory Data In. The data on the Memory Data In lines 
can be either from the main memory or the NDRO memory. Data transferring in from 
memory is gated to the source bus through the byte selector. Data transferring out 
is gated to the main memory through the byte selector. The byte selector normally 
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DESTINATION BUS 



TO SOURCE 
BUS 


v_ 


ADDRESS BITS 
TO MEMORY 


Figure 3-17. Page Addressing Function 


transfers the data bit for bit, but when the Reverse Byte signal is present, it 
interchanges the upper and lower eight bits. MDR bits 12 through 14 are also sent 
to gates appearing on figure 9-206 which enable the microprogram to look at the 
J-value of indirect addresses. 

3-72. Indirect addressing of operands is possible on RX format macroinstructions 
with m-field values of 10, 12, 14, or 16. The programmer controls indirect address¬ 
ing by specifying these m-values and by controlling the contents of the indirect 
address control bits in status register #2 (see figure 3-11). Indirect address 
words are double length and have the format shown in figure 3-18. The J-value of 
the first word determines the formation of the operand address. J-values of 4 
through 7 specify a cascaded indirect word; that is they cause formation of the 
address of another double length indirect word. Cascading may be repeated any 
number of times before the final operand address is formed. 

3-73. NDRO. The DPS has 192 words of semiconductor ROM called the NDRO (non¬ 
destructive read-out) memory. It is divided into two blocks. One block contains 
64 words and is assigned addresses 00-77g; the other block contains 128 words and 
is assigned addresses 300 - 477g. Generally, the entire 192 words are used for a 
bootstrap load program. The programs vary according to the channel and type of 
peripheral device used for program loading. ROM memories are programmed at the 
time of manufacture and cannot be changed except by substituting a different ROM 
card. Access to the NDRO memory is exclusive to the processor, and is performed 
when the NDRO mode bit (bit 12) in status register 1 is clear. The BOOTSTRAP 1-2 
switch on the operator's panel permits choosing either of two bootstrap programs 
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J Value Address determination 

0 Final operand at address specified by (IAW 2) 

1 Final operand at address specified by (IAW 2) + (R x ) 

2 Final operand at address specified by (IAW 2) + (R m ) 

3 Final operand at address specified by (IAW 2) + (Rm+l) 

4 Cascaded IW at address specified by (IAW 2) 

5 Cascaded IW at address specified by (IAW 2) + (R x ) 

6 Cascaded IW at address specified by (IAW 2) + (R m ) 

7 Cascaded IW at address specified by (IAW 2) + (R m +]_) 

10-17 Unassigned 


Figure 3-18. Indirect Address Format 
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combined in the NDRO. In the BOOTSTRAP 2 position, the switch enables the execution 
of a conditional jump instruction (operation code 40) with an a-designator of 7. 

The switch may also be used, at the programmer's discretion, to control branching 
in other programs. 

3-74. The NDRO memory is addressed through the NDRO selector. The address is 
normally from the MAR. However, for the optional CORDIC operations, additional 
ROM locations are provided in the NDRO, and they are addressed from the shift 
counter. Bit 2 from the macroinstruction register m-field, inserted as bit 5 of 
the shift count, determines whether the NDRO memory reference is for a trigonometric 
or a hyperbolic function. The NDRO memory output is gated onto the memory data in 
bus for gating through the MDA selector into the memory data register. For CORDIC 
operations, the NDRO output is gated onto the source bus via the IR selector. 

3-75. Memory Control. These circuits control the memory interface. They generate 
the control signals for the memory and receive control signals from the memory. 

Refer to the main memory description (para. 3-78) for a discussion of these signals 
and their effect on memory operation. The memory control circuits are directed by 
memory mode bits from the S-field on Micro Control (F=15) microinstructions (see 
Appendix A), or from bits 15-13 of the emulator control word (see figure 3-9). 

These bits are gated into a storage register and translated by circuitry shown on 
figure 9-78. Mode bit configurations of 000 or 010 generate a whole word read 
operation; the full cycle signal is active, and the write upper (zone 2) and write 
lower (zone 1) signals are inactive, causing a read operation for both bytes. Mode 
bit configurations of 001 and Oil generate a whole word write operation, with the 
write upper and write lower signals active, to cause a write operation in both 
bytes. The write zeros operation (101) is identical except that the MDR to memory 
bus signal is disabled, so the bus remains zero to write zeros into memory. 010 
and Oil generate the memory address 2^ signal, forcing an odd address. A read byte 
operation (110) is similar to a whole word read, except that bit 15 of the condition 
register is sampled by circuitry appearing on figure 9-76 to generate the byte 
point odd signal on figure 9-78 . R ra 2° of Byte Load macroinstructions is the byte 
identifier and is shifted off into condition register bit 15. If the upper byte 
is required (CR215 clear), the reverse byte signal is generated, causing the upper 
byte from MDR to be gated into the lower position through the byte selectors. On 
write byte operations (111), CR2*5 causes generation of either the write upper or 
write lower signals. Mode bit configuration 100 generates the read split cycle 
(read, modify, and restore) operation. The full cycle signal is disabled and a 
split cycle flip-flop sets to enable generation of the write initiate signal (fig¬ 
ure 9-79). 

3-76. The write initiate signal is generated only for the restore portion of the 
split cycle operation. The read initiate signal (figure 9-79) initiates all other 
memory operations. The load MAR and initiate signal (figure 9-77, element 12) is 
present on emulate starts and branches, and on Micro Control (F=15) microinstructions 
with D=4 or 14. It produces the signal called "words" (figure 9-78) to cause the 
setting of the memory request flip-flop (07905) and generation of the read initiate 
signal (figure 9-79). When the data available signal comes from the memory, it 
clears the memory request flip-flop. This sets a data available control flip-flop 
to disable the clear signal until the memory drops the data available signal. 

3-77. Time delay flip-flops 08 and 09 on figure 9-79 control the memory resume 
fault. The read initiate enable signal sets flip-flop 09. Normally, it is cleared 
again when the memory request flip-flop clears. If the data available signal 
doesn’t arrive before the time delay expires, flip-flop 08 sets. After another 
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time delay, its output appears as an artificial resume signal to clear the memory 
request flip-flop and set the resume error flip-flop (figure 9-76). The total 
delay for the two time delay flip-flops is factory preset at approximately 12 nsec, 

3-78. MAIN MEMORY (MM). The MM stores instructions and data for the macroprogram 
and, if the optional direct memory access (DMA) logic is installed, can be directly 
accessed by external devices. The memory is a random-access core storage device 
using three-wire, 2-1/2D organization. It is capable of operating in two modes: 
full cycle (read/restore or clear/write) and split cycle (read/modify/write). The 
memory performs a full cycle in 750 nanoseconds and a split cycle within 1000 nano¬ 
seconds. Access time is 425 nanoseconds maximum, measured from the leading edge of 
the initiate signal, to the time data from a specified address is stable on the data 
output lines. The basic storage unit in the memory is the Memory Array Board (MAB). 
It is an 8K word X 16 bit core array. The memory chassis can accommodate up to eight 
of these 8K arrays, giving a storage capacity of 65K words X 16 bits. 

3-79. Memory Organization. The memory core arrays and all related circuitry are 
contained on three types of circuit boards: memory control board (MCB), memory 
data board (MDB), and memory array board (MAB). The memory is arranged into two 
memory banks, each containing a control board, a data board, and from one to four 
array boards. See figure 3-19. As supplied, the memory chassis contains the con¬ 
trol boards and data boards for both banks, and is designated the Control, Memory 
Unit. Array boards, designated Core Memory Unit, are inserted to produce the 
desired memory size. The functions of the individual boards are detailed below. 

3-80. The memory control board (MCB) contains most of the interface circuitry and 
control logic for the memory bank. Included on the MCB are: 

1) The timing and control logic, which receives the control signals from the 
processor and generates the internal timing; 

2) The address register, which stores the incoming address information and 
drives the address decoding logic; 

3) Address decoding logic, which selects the address and enables the read and 
write drivers; 

4) Module read and write drivers, which provide internal control signals to 
access a memory address; 

5) An optional configuration of the MCB also contains a portion of the DMA logic. 
3-81. The memory data board (MDB) contains the following circuits: 

1) The data register, which receives and holds data read out of the memory or 
data to be written into the memory; 

2) The data out gates, which gate the contents of the data register to the data 
output buss; 

3) The module write bit gates, which gate the contents of the data register to 
the bit switches on the array board; 

4) An optional configuration of the MDB contains, in addition to the above, the 
balance of the DMA logic. 
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Figure 3-19. Main Memory Block Diagram 






3-82. The memory array board (MAB) contains the core arrays and switching and 
diode circuits, as follows: 

1) The core array. This is the basic storage area for the MAB and consists 
of an 8K X 16 bit core array arranged on one double-sided board. The 8K array 
further subdivides into 16 mats, one for each bit; 

2) The sense amplifiers; 

3) A word switch-diode matrix, containing two sets of 16 X 16 diode pairs (one 
set for each half of the core array). 

4) A bit switch-diode matrix containing 16 sets of 4 X 4 diode pairs (one set 
for each bit mat). 

3-83. Operating Modes. The memory is capable of operating in two modes: Full 
cycle (read/restore or clear/write) and split cycle (read/modify/write). During 
a full cycle read, data is fetched, or read out from a selected address in memory, 
and then the same data is restored to the same address location. During a full 
cycle write, existing data is cleared from a selected address in memory, and new 
data is written into that address. During a split cycle, data is read out from 
a given location and replaced wholly or in part with modified data. 

3-84. Interface Control Signals. Table 3-15 lists the memory interface signals. 

The control signals received by -and transmitted from -the memory interface regu¬ 
late the operation of the memory and inform the controlling equipment (processor 
or DMA device) of the memory status. The interface signals are described in detail 
below. 

3-85. The +memory select signal functions as an address signal by selecting one 
of the two banks of memory. Only one of the two memory select signal lines can be 
high (active) at one time. The signal, in conjunction with the memory initiate, 
activates the control circuits of the selected memory bank. The signal is received 
by the memory at the start of both a full and split cycle operation and at the 
write initiate time of a split cycle operation. The signal must remain active at 
the memory interface for a minimum of 100 ns. 

3-86. The +read initiate signal initiates all memory operations except the write 
portion of a split cycle operation. The signal activates the memory bank control 
circuits and must remain active for a minimum of 75 ns. 

3-87. The +full cycle signal is received at the start of a full cycle operation. 

The signal activates circuits which enable the memory timing chain to cycle through 
twice without interruption, once for the clear or read portion of the memory cycle, 
and once for the write or restore portion. The activated circuits also help to 
initialize the control circuits at the end of the operation. The -full cycle signal 
is received at the start of a split cycle operation and specifies a read/modify/ 
write. The signal activates circuits which a) enable the memory timing chain, 
b) enable the memory available signal at the end of the read cycle, c) enable re¬ 
initiation of the timing chain at the start of the write cycle of the operation, 
and d) enable initialization of the control circuits at the end of the operation. 

The signal must remain in the desired state for a minimum of 100 ns after the lead¬ 
ing edge of the initiate signal goes high. 
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Table 3-15. Memory Interface Signals 


Inputs to Memory: 

Address In 

(15 lines) 

Data In 

(16 lines) 

+Full Cycle 

(1 line) 

+Read Initiate 

(1 line) 

+Write Initiate 

(1 line) 

-Power Fault 

(1 line) 

-Zone Write Upper 

(1 line) 

-Zone Write Lower 

(1 line) 

+Memory Select 

(2 lines) 

Outputs from Memory: 

Data Out 

(16 lines) 

-Data Available 

(1 line) 

+Memory Available 

(1 line) 


3-88. The -power fault signal is a reset signal generated by the DPS power supply 
during initial power up, or when the power supply shuts down due to input power 
failure. The signal causes the memory to clear its control circuits and address 
register. 

3-89. The +write initiate signal is received at the start of the write portion of 
a split cycle operation and is an order to write data into the memory. The signal 
activates the memory bank control circuits and must remain active for a minimum of 
75 ns. 

3-90. The zone write upper and zone write lower signals control the operation of 
the memory on their bytes of the memory word. When a zone signal is low, the memory 
data register accepts input data for that byte and writes it into the selected 
memory address. When a zone signal is high, the memory data register reads data 
from that byte of the selected address and restores it back again. When both zone 
signals are low or both high, the memory performs a whole word write or whole word 
read, respectively. The zone write signals must hold their state for a minimum of 
100 ns after the initiate signal becomes active. 

3-91. The -data available signal informs the processor or DMA device that data 
has been read from the memory and is available for sampling on the memory output 
data lines. The signal is present on a memory output line between 300 and 400 ns 
after start of the read operation of both full and split cycles. 
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3-92. The -Hneraory available signal is present on a memory output line except when 
the memory is processing a memory request. The signal informs the requesting device 
that the memory can be accessed. The signal is needed by the processor before it 
can initiate an operation and again before it can initiate the write portion of a 
split cycle operation. 

3-93. Timing and Control Functional Description. The organization of one memory 
bank is shown in the bank block diagram, figure 3-20. The dotted lines on this 
diagram show the partitioning of the bank in terms of printed circuit boards, while 
the blocks inidicate the basic functional units. Each memory bank contains one 
control board, one data board, and from one to four array boards. The diagram 
shows only one of the array boards but does show the signals running to/from the 
other three array boards. Reference may also be made to figure 3-25, a detailed 
schematic diagram of one core stack and associated switch and diode circuits. The 
timing and control block of the bank diagrrm is further detailed in figure 3-21. 

The timing and control section receives control signals from the memory control 
interface and initiates internal timing and control signals required to execute a 
memory operation. The following paragraphs describe the functions of each block 
in the timing and control block diagram. 

3-94. The busy control circuits consist essentially of two flip-flops which are 
set at the start of a memory operation and whose outputs enable all of the other 
timing and control section functions. The circuits remain active during all of 
a full cycle operation. During a split cycle operation, the circuits are active 
during the read portion, then become inactive, and are again activated at the start 
of the write cycle. When busy control is inactive, it enables the memory available 
signal to the requesting device (processor or DMA device). 

3-95. The clock-oscillator circuit is activated by a signal from the busy control 
circuits at the start of a memory cycle and continues to operate until busy control 
goes inactive. Outputs of the circuit are nominal 30-nanosecond pulses used pri¬ 
marily to clock the timing chain. Figures 3-22 and 3-23 show the clock-oscillator 
and timing chain pulses. Figure 3-24 shows the clock-oscillator and timing chain 
circuits. Two clock signals are produced by the clock-oscillator, CLOCK 1 and 
CLOCK 2. CLOCK 1 is used to produce Tl, T3, T5, T7, and T9 of the timing chain, 
while CLOCK 2 produces T2, T4, T6, and TO. 

3-96. The timing chain consists of nine series connected, -edge-triggered flip- 
flops which are connected as a shift register. Outputs of the timing chain are 
timing pulses and pulse complements designated Tl through T9, each having a duration 
of about 190 nanoseconds. The pulses control the sequencing of the memory oper¬ 
ations. The timing chain cycles through twice for each kind of memory operation. 

For a full cycle operation, the timing chain runs continuously until completion of 
the two timing cycles. For a split cycle, the timing chain cycles once to time the 
read part of the operation and then becomes inactive until the start of the write 
portion, at which time the timing cycle is restarted. Pulse T9 is shortened at the 
end of both timing cycles during a split cycle operation, and T7, TO, and T9 are 
shortened at the end of the full cycle operation. This occurs when busy control 
becomes inactive. 

3-97. The general reset control initializes the memory control circuits during a 
power up and prevents accidental loss of memory data in the event of a power loss. 
Inputs to the control are +5 and +15 volt power, a power fault (-PF) signal from the 
processor, and a signal from busy control. Outputs are a master clear and enable 
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signals. During an initial power up or following loss of power, the reset control 
master clears (initializes) the memory timing and control circuits. When power 
reaches ah operational level, the circuit outputs enable the bit selector, module 
write drivers, and module read enable drivers. The reset control also permits the 
memory to execute an orderly shut down sequence when a power failure occurs. Under 
such a condition, the control maintains its enable outputs until the operation is 
completed (full cycle) or until the timing chain cycle is completed (split cycle). 
Thus, in the case of a full cycle or the write part of a split cycle, the memory 
has time to write data into memory before complete power failure occurs. 

3-98. The cycle control section consists of a single flip-flop which is always in 
the clear state at the start of a memory operation. The flip-flop is set at the 
start of an operation by the active +full cycle input control signal to specify a 
read/restore or clear/write operation. If the signal is inactive (-full cycle) at 
the start of an operation, then the flip-flop remains clear, specifying a read/ 
modify/write operation. Outputs of the flip-flop enable the timing chain, enable 
the memory available signal following the read portion of a split cycle, and enable 
final initialization (clearing) of the busy control circuits. 

3-99. The read control section is comprised of two read flip-flops, whose outputs 
combine with other timing and control signals to provide sequencing of the read 
operation. The Read Initial flip-flop is always in the set state at the start of 

a memory read cycle, having been set either by a master clear, or by the T5 pulse in 

the previous memory operation. The flip-flop is cleared by the NOT T5 pulse at the 
end of the read cycle. The Read Final flip-flop is always in the clear state at 
the start of a memory read cycle. It is set at T3 time of the first timing cycle 
and is cleared at T3 time of the second timing cycle. 

3-100. The write control section is comprised primarily of the Zone Write Upper 
and Zone Write Lower (ZWy and ZWl) flip-flops. They are set only at the start of 

a memory operation if the corresponding ZWy or ZW^ control signal is received. The 

ZWy flip-flop clears bits 8-15 of the data register and gates bits 8-15 from the 
input bus into the data register. ZW^ flip-flop effects the same actions for bits 
0-7 of the data word. If a flip-flop is not set, the corresponding byte in the data 
register will retain the data received from the memory matrix during the read cycle, 
so the same byte data will be restored to its original matrix address. 

3-101. Memory Address Register. The address register functions as an open latch 
for address bits 0-14 received from the memory input bus. Outputs of the register 
are continuously applied to the address decoder circuits. 

3-102. Address Decoder. The address decoder receives the memory address from the 
address register and continuously translates the bits to select the address to be 
accessed. Fifteen address bits are required to select an address in one memory 
bank. The bits are decoded as shown in table 3-16. The address decoder contains 
three sub-functions which issue decode signals to select the memory address. They 
are the module selector, the word selector, and the bit selector. 

3-103. The module selector decodes address bits 13 and 14 to select one of the 
four array boards (8K of memory). As stated in paragraph 3-85, one memory bank 
(32K) is selected by the memory select input signal. The module selector is enabled 
if the array board is present in the memory chassis. Outputs of the circuit go to 
the module read and write drivers and to the module write bit gates. 
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Figure 3-20. Memory Bank Block Diagram 
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Figure 3-21. Timing and Control Block Diagram 
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Figure 3-22. Split Cycle Timing 
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Figure 3-23. Full Cycle Timing 
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Memory Timing Circuits 






Table 3-16. Address Bit Decode 


ADDRESS 

BIT 

SELECT 

14, 13 

Select one of four array boards in the memory bank. 

12 

Select one of two core stack sections on the selected array 


board. 

11-8 

Select one of 16 word drive lines in each of 16 word groups. 

7-4 

Select one of 16 word groups (bits 12 - 4 in combination 


select one word drive line in a core stack). 

3, 2 

Select one of 4 bit drive lines in each of 4 bit groups. 

1. o 

Select one of 4 bit groups (bits 3 - 0 in combination 


select one bit drive line in a core stack). 


3-104. The word selector translates bits 4 through 12 to select one word drive 
line in a core matrix. Bit 12 selects one of the two core array sections (upper or 
lower) on an array board, thus selecting 4K of memory. Bits 8 through 11 select one 
of 16 word drive lines in each of 16 word groups, thus narrowing the possible ad¬ 
dresses to 256. Bits 4 through 7 are decoded to select one word group out of a 
possible 16 groups, thereby narrowing the possible addresses to 16. Outputs of the 
word selector are word diode and word group signals which are continuously applied 
to the word switch gates on the array board. 

3-105. The bit selector decodes bits 2 and 3 of the address register to select one 
bit drive line in each of four bit groups, thus decreasing the possible memory 
selection to four addresses. Bits 0 and 1 are decoded to select one bit group from 
among four groups. At this point the address bits have selected one address in the 
memory bank. Outputs of the bit selector are bit group and bit diode signals which 
are continuously applied to the bit switch gates on the array board, except for a 
period of about 70 nanoseconds at the end of a memory operation. 

3-106. Module Read Drivers. The module read drivers consist of four sets of drive 
gates, one set for each array board. A gate is enabled between the 25 and 365 nano¬ 
second times of a read cycle when the array board has been selected for access by 
the module selector. Outputs of the gates are module read bit source and read bit 
sink signals which gate the bit selector decode (bits 0 - 3) to the bit switches, 
thereby causing read current to flow in the selected bit drive line of each mat in 
the core array. 

3-107. Module Read Enable Drivers. The module read enable drivers consist of four 
sets of drive gates, one set for each array board. A gate is enabled at T3 time of 
a read cycle and remains enabled until 365 nanoseconds after zero time of the read 
cycle. Outputs of the gates are module read enable signals which gate the word 
selector decode (bits 4 - 12) to the word switches, thereby causing read current to 
flow in the selected word drive line of the selected core array. 
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3-108. Module Write Drivers. The module write drivers consist of four sets of 
drive gates, one set for each array board. The gates are enabled at T2 time of a 
write cycle if the module has been selected by the module selector, and remain 
enabled until the end of T4 time of the write cycle. Outputs of the gates are 
module WRITE signals which gate the address decode to the word write switches 
during a write operation, thereby causing write current to flow in the selected 
word drive line. 

3-109. Data Register. The memory data register, physically located on the data 
board, acts as an open latch to hold data received from memory addresses via the 
sense amplifiers or data received on the memory input lines from the processor or 
DMA device. The register is cleared at the beginning of the read cycle, and again 
at the start of the write portion of a split cycle, depending on the setting of the 
zone write control signals (paragraph 3-90). During a read cycle, data from the 
sense amplifiers is loaded into the register by the strobe signals, which are active 
from approximately 295 to 415 time of the read cycle. During a write cycle, data 
received on the input bus lines is gated into the register by the data to DR signal, 
which occurs between times 45 and 160 of the write cycle. Data loaded into the 
register from the input bus may be a complete 16-bit word or an 8-bit byte, as 
determined by the setting of the zone write flip-flops. Data register outputs go 
to the data out gates and to the module write bit gates. 

3-110. The data out gates enable the data register outputs to the memory output 
data lines. The data is gated out by the data to bus signals, which occur during 
T9 time of a read cycle. The module write bit gates consist of four sets of gates, 
one for each array board in the memory bank. Each set of gates contains 16 gates, 
one for each bit in the data word. Inputs to the gates are from the data register, 
and they are gated by the EN WRITE signal which occurs during times T2 and T4 of the 
write cycle. Outputs of the gates are write bit (0 - 15) signals. The signals are 
applied to the bit write switch gates, thereby gating in the bit selector decode and 
causing write current to flow in the selected bit drive line. 

3-111. Word/Bit Switches and Diodes. The word and bit switches consist of gating 
circuits and transistors which "switch" on to cause current to flow in matrix drive 
lines. Inputs to the switches are address decode signals and internal read or write 
control signals. A set of the switches is located at each end of the word and bit 
drive lines, and current flows when the switches at both ends of a line are switched 
on. See figure 3-25 for switch detail. Two sets of diodes are located at one end 
of both the word- and bit-matrix drive lines. The sets of diodes are of opposite 
polarity, one set permitting current to flow in one direction for a read operation, 
the other set permitting current to flow in the opposite direction for a write 
operation. The diodes connect on one end to the transistors in the switches; on the 
other end they connect to the matrix drive lines. 

3-112. Memory Stack. Each memory array board holds an 8K array stack, electrically 
divided into two sections designated as upper and lower. Each stack contains 16 
core-mats. A mat holds one bit, for example bit 1, of each of the 8192 (512 X 16) 
addresses in the stack. A mat is constructed with 512 cores along one axis (word 
axis) and 16 cores on the other (bit axis). A word drive line runs through all of 
the 16 cores in one group column of one stack, and a bit drive line runs through all 
of the 512 cores in one bit row of the stack. A core is read, or written into, when 
word current and bit current flow through the core at the same time. These "coinci¬ 
dent" currents flow in one direction for a read operation and in the opposite direc¬ 
tion for a write operation. When a "1" is written into a core, the state of the core 
is changed from one magnetized state (designated the "0" state) to the opposite 
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magnetized state (designated the "1" state). During a read operation, the coinci¬ 
dent currents return the core to the "0" magnetized state. The change of flux in 
the core as the magnetized state switches, induces current in a third line, the 
sense line, which runs through each core in the mat. The flow of current in the 
sense line signifies that the core contained a "1". If the core contained a "0", 
it would not have been changed, and no current would be induced in the sense line. 

The read operation leaves all cores of an addressed word in the "0" state. During 
the subsequent write portion of an operation, bit write enables are developed by 
the mod write bit gates only for those bits of the data register that contain ones, 
thus permitting write current to flow only through those bit lines where ones are 
to be written. Therefore, a core is left in the "0" state if a zero is being 
written in, and is magnetized to the "1" state if a one is being written in. 

3-113. Sense Amplifiers. The sense amplifiers detect current on the sense lines 
during a read operation and amplify it. The sense amplifier outputs are gated to 
the data register by the STROBE signals, which occur between times 295 and 415 of 
the read cycle. 

3-114. Array Board Circuit Operation. The following paragraphs describe the oper¬ 
ation of the memory array board circuits with reference to a specific memory address. 
Figure 3-25 is a detailed drawing of an array board, which shows the gating and 
transistor circuits of the memory switches, the diodes, and memory core array for 
the lower half of a stack. Figure 3-26 is a simplified drawing which shows read 
and write circuits in relation to one core. Assume that the memory address to be 
selected is address 5 on array board 2. The format of the address bits would there¬ 
fore be: 

Address Bits: 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Bit State: 1000000000001 01 

With this format, bits 14 and 13 select array board 2; bit 12 selects the lower 
section of the array stack on board 2; bits 11 through 8 select word line (WD) 00 
in each of 16 word groups, and bits 7 through 4 select word group (WG) 00. Bits 3 
and 2 select bit line (BD) 01 in each of four bit groups, and bits 1 and 0 select 
bit group (BG) 01. The heavy lines passing through the core matrix on figure 3-25 
are selected by address 5. 

3-115. During a read operation, gates lettered "a" on the right and "aa" on the 
left side of figure 3-25 and gates lettered "b" and "bb" on the top and bottom are 
selected by the address bit decode. At read time these gates are enabled by the read 
control signals, causing the outputs of the gates to go high and forward biasing the 
read transistors. The transistors are now switched on, causing coincident current 
to flow through the addressed cores. Current flows from ground on the right side of 
figure 3-25, through transistor "a" to line 1 of the Group 1 lines, through the 
core and read diode, and through transistor "aa" and a resistor to +15 volts. Cur¬ 
rent through the word drive line flows from ground on the bottom of the figure 
through transistor "b" to the line 0 of the Group 1 drive lines, through the core 
and read diode, and through transistor "bb" and a resistor to +15 volts. 

3-116. During a write operation, bit gates lettered "c" and "cc" and word gates 
lettered "d" and "dd" are selected by the address decode. At write time, the "c" 
gates are enabled by WRITE BIT 00 and the "d" gates by the MOD 2 WRITE signal, 
causing the corresponding transistors to switch on. Again current flows from ground 
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Figure 3-26. Memory Core Drive Circuits 




on one side to +15V on the opposite side of the matrix; however, the direction of 
current flow is opposite to that in a read operation. 

3-117. Full Cycle Operation. The full cycle read/restore operation is used to 
read information from a given memory address and then restore the same information 
back into the address. Data is first read out from the cores into the data regis¬ 
ter. It is then sent to the data output lines, completing the read portion of the 
operation. In the second part of the operation, the same data is stored back into 
its original location. Table 3-17 shows the sequence of events for the read/restore 
operation. Data from the desired address location is read out during steps 1 
through 10 and restored during steps 11 through 13; figure 3-27 shows the timing 
relationship for the Read/Restore. The full cycle clear/write operation is identi¬ 
cal to the read/restore except that the zone write signals are low, disabling the 
sense amplifier strobe, and gating processor data into the data register for writing 
into the cores. For a byte write operation, only one zone write signal is low, 
causing a clear/write operation for that byte and a read/restore operation for the 
other. 

3-118. Split Cycle Operation. The split cycle read/modify/write operation is used 
to read a word from memory and then to restore a modified word in its place. Dur¬ 
ing the first part of the cycle, data is read out from the specified address location 
into the data register. It is then sent to the data output lines, completing the 
read portion of the operation. During the second portion of the split cycle, modi¬ 
fied data is accepted from the data in lines and subsequently stored in the initial 
address location, thus completing the operation. Table 3-18 shows the sequence of 
events for the read/modify/write operation. Data from the desired address location 
is read out during steps 1 through 11. Data is stored during steps 12 through 18. 
Figure 3-28 shows the timing relationships for the read/modify/write. 


Table 3-17. Read/Restore Sequence of Events 


STEP 

ACTION 

1 

The cycle is initiated by +Read Initiate = 1, which defines zero 
time. In addition, the following conditions must be met: 


+Write Initiate = 0 
+Full Cycle = 1 

-Zone Write Upper and Zone Write Lower = 0 (+) 

+Memory Select 

Address Input stable 


+Read Initiate must remain true for 75 ns minimum; 

the remaining signal conditions must remain in the correct state 

for 100 ns minimum. 

2 

Output signal +MEM0RY AVAILABLE goes false 30 ns after the start of 
the cycle, indicating a cycle in progress, and blocking further in¬ 
structions until the operation is completed. It remains low until 

740 ns after zero time. 

3 

Data register is reset by CLEAR DRy and CLEAR DR^ signals. 
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Table 3-17. Read/Restore Sequence of Events (Cont) 


STEP 

ACTION 

4 

Address information is checked into the address register by the +SET 

ADD REG signal. 

5 

-BIT DIODE and -BIT GROUP signals are sent to both core matrices on 
all array boards to select one bit drive line on all matrices. 

6 

-WORD DIODE and -WORD GROUP signals are sent to one half of the core 
matrix on each array board to select one word drive line on each 
matrix. 

7 

-MOD READ BIT SINK and -MOD READ BIT SOURCE signals are sent to the 
core matrix on the selected array board to enable the bit switches, 
resulting in the generation of drive current in one bit drive line 
on one array board. 

8 

-MOD EN READ WORD signal is sent to the selected array board to enable 
the word line switches, resulting in the generation of drive current 
in one word drive line in the core matrix on one array board. Core 
turnover takes place at the cores which receive coincident bit drive 
and word drive currents. The signals reach the sense amplifiers. 

9 

Timing signals STROBEy and STROBEl are sent to the sense amplifiers, 
resulting in sense amplifier output, which sets the data register in 
accordance with the data read from memory. 

10 

Output signal -DA goes low at data available time and remains in that 
state for 100 ns, indicating that the requested information is now 
available and stable on the data output lines. These lines retain the 
data read out of memory until the READf signal goes low in the restore 
portion of the operation. 

11 

Timing signal -EN WRITE is sent to the data register outputs to gate 
the data bits to the bit switch gating circuits of the selected array 
board, resulting in bit write current through the cores for those data 
bits containing a "1". 

12 

-EN WRITE is sent to the word line switches of the selected array board, 
resulting in the generation of word write current in one word drive line 
in the core matrix on one array board. Core turnover takes place at the 
cores which receive coincident bit write and word write currents, thus 
replacing the original contents of the initial address back into the 
same address. 

13 

Output signal +MA goes true at 740 ns, indicating that a new operation 
may be initiated. At approximately the same time, all memory internal 
circuits are returned to their initial condition in preparation for 
reception of a new memory initiate. 
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Table 3-18. Read/Modify/Write Sequence of Events 


STEP 

ACTION 

1 

The read portion of the cycle is initiated by +Read Initiate = 1, 
which defines zero time. In addition, the following conditions 
must be met: 


+Write Initiate = 0 
+Full Cycle = 0 

-Zone Write Upper and Zone Write Lower = 0(+) 

+Memory Select 

Address Input stable 


+Read Initiate must remain true for 75 ns minimum; 

the remaining signal conditions must remain in the correct state 

for 100 ns minimum. 

2 

Output signal +MEMORY AVAILABLE goes false 145 ns after the start 
of the cycle, indicating a cycle in progress, and blocking further 
instructions until the read portion of the operation is completed. 

It remains low until 440 ns after zero time. 

3 

Data register is reset by CLEAR DR^ and CLEAR DR^ signals. 

4 

Address information is clocked into the address register by the 
+SET ADD REG signal. 

5 

Decoded outputs of the address register (BIT DIODE-BIT GROUP and 

WORD DIODE-WORD GROUP) are sent to the memory core matrices to 
select the memory address. 

6 

-MOD READ BIT SINK and -MOD READ BIT SOURCE are sent to the selected 
matrix, resulting in the generation of drive current in one bit drive 
line in the matrix on one array board. 

7 

-MOD EN READ WORD signal is sent to the selected matrix, resulting 
in uhe generation of drive current in one word drive line of the 
matrix. Core turnover takes place at the cores which receive co¬ 
incident bit drive and word drive currents. The signals reach the 
sense amplifiers. 

8 

Timing signals STROBE^ and STROBE^ are sent to the sense amplifiers, 
resulting in sense amplifier output, which sets the data register 
in accordance with the data read from memory. 

9 

Output signal -DA goes low at data available time and remains in that 
state for 100 ns, indicating that the requested information is now 
available and stable on the data output lines. These lines retain 
the data read out of memory until the start of the write portion of 
the operation. 
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Table 3-18. Read/Modify/Write Sequence of Events (Cont) 


STEP 

ACTION 

10 

+READ INITIATE must be returned to the false (0) state before the 
end of the read portion of the operation. 

11 

Output signal +MEM0RY AVAILABLE goes true 440 ns after zero time, 
thus informing the processor that the read portion of the operation 
has been completed. 

12 

The write portion of the operation is initiated by Write Initiate 
= 1 which may not go true earlier than 475 ns after start of the 
read portion. In addition, the following conditions must be met: 


+Read Initiate = 0 
+Full Cycle = 0 

-Zone Write Upper and Zone Write Lower = 1 (low) 

+Memory Select 


Data Input must be stable at Write Initiate and remain stable for 

150 ns minimum. 


+Write Initiate must remain true for 75 ns minimum. The remaining 
signal conditions must remain in the correct state for 100 ns 
minimum after the leading edge of +Write Initiate. 

13 

Output signal +MEM0RY AVAILABLE goes false, and the command inputs 
are blocked so as not to accept further instructions. 

14 

Data register is cleared. 

15 

Processor data is clocked into the data register. Input data must be 
stable at this time and must remain so for 100 ns minimum thereafter. 

16 

Timing signal -EN WRITE is sent to the data register outputs to gate 
the data bits to the bit switch gating circuits of the selected array 
board, resulting in bit write current through the cores for those 
data bits containing a "1". 

17 

-EN WRITE is sent to the word line switches of the selected array 
board, resulting in the generation of word write current in one word 
drive line in the core matrix on one array board. Core turnover takes 
place at the cores which receive coincident bit write and word write 
currents, thus storing a one in those cores. 

CD 

Output signal +MA goes true at 440 ns of the write cycle, indicating 
that a new operation may be initiated. At approximately the same 
time, all memory internal circuits are returned to their initial 
condition in preparation for reception of a new memory access in¬ 
struction. 
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3-119. INPUT/OUTPUT CONTROLLER (IOC). The IOC provides for communication between 
the DPS and peripheral equipment or between the DPS and another computer. The IOC 
may contain up to sixteen 16-bit channels. The channel numbers are assigned octally 
(0-17g), but are sometimes referred to decimally (0-15io>. An IOC may have all 
parallel channels or all serial channels or a combination of parallel and serial 
channels. Parallel channels occur in groups of four, and the four channels within 
a group must have the same interface level. Available interface levels are NTDS 
Slow (-15V), NTDS Fast (-3V), and ANEW (+3.5V). Serial channels occur in groups of 
two, and both channels in the group must be of the same type. The available types 
are expanded MIL-STD-188 synchronous or asynchronous, RS-232 standard synchronous 
or asynchronous, and NTDS 32-bit asynchronous. All channels are full duplex, per¬ 
mitting input and output transmissions to occur simultaneously. Normal I/O communi¬ 
cation is in the word mode (16-bit); however, communication is also possible in the 
byte mode (8-bit) or in the dual channel mode (32-bit double length word). Dual 
channel operation with parallel channels requires a channel from each of two ad¬ 
jacent groups (channels n, n+4). Dual channel operation with serial channels uses 
the pair of channels in a two-channel group. Intercomputer communication is pos¬ 
sible with parallel channels. On intercomputer operation, the transmitting computer 
holds the data available on the output data lines to the receiving computer until 
either the receiving computer sets the Resume line or the transmitting computer pro¬ 
gram proceeds because of the intercomputer timeout (256 to 512 milliseconds). All 
I/O options are plug-in options, but when adding extra modes of operation (Dual 
channel, ESA, or Intercomputer) the I/O mode selection card must be wired to include 
the extra option. Refer to Chapter 6. When changing from parallel to serial I/O 
where a coaxial cable is required, a 120-pin adapter plug with a coaxial connector 
is needed. Communication mode changes may require a differently wired connector. 
Figure 3-29 provides a functional block diagram of the IOC. The following paragraphs 
present a functional description based on the block diagram. 

3-120. Request/Acknowledge Control. The request receivers pick up any requests 
the peripherals may generate and send the requests to the I/O request oneshots. 

Each channel has four request receivers, one for Output Data Request (ODR), Input 
Data Request (IDR), External Function Request (EFR), and External Interrupt (El). 

The I/O request oneshots control the requests for each channel. The oneshots insure 
a request is acknowledged before another similar request is allowed in from the 
channel. Each channel has four oneshot circuits, one each for ODR, IDR, EFR and El. 
The oneshots for each channel are included along with other control circuits for that 
channel on a single IC device, described in figure . (See also figure 9-362.) 

The acknowledge circuitry generates an acknowledge signal to the peripheral generat¬ 
ing the request. 

3-121. Group/Channel Control. The priority scan and priority circuits control both 
channel priority and function priority. I/O operations are handled according to chan¬ 
nel priority first and function priority second. Channels are designated 17q (15jq) 
through 0, with channel 17 b having highest priority. Function priority is determined 
as each channel is scanned. The highest function priority is external interrupt, 
output buffer (external function or output data) is second, and input buffer (exter¬ 
nal function or input data) or chaining have the lowest function priority. Function 
priority translation for the -15V interface appears on logic schematic figures 9-357 
and 9-363. Circuits shown on figures 9-203 and 9-204 gate it according to channel 
translation and absorb it into the overall priority translation. Table 3-19 shows 
the functions of the I/O control chip (figure and 9-362) relative to the func¬ 

tion bits. On input data function the priority circuit enables the input channel 
selection of the input receivers. I/OC related operations are performed on a higher 


3-76 



+ Km iNimrs 

4 - fr\JAIWl£ 

-CLtfhL XrtfA jlgy 
-+AW&S It* 7WnsfetL 

—Bit £gad t m 

~~k)om> fc€H TfMe 

- WA /)VAMJiLr 
+Ia>&t6 (mvfne 
toys CAT4 To 

~io*rre T//Ae 






3-79/(3-80 blank) 




























Table 3-19. 


FUNCTION BITS 


c O 


I/O Control Chip Function Relative to Function Bits 


FUNCTION 

Input Data (ID) 

SET/CLR MONITOR (MON) = IN CHAIN 
SET/CLR ACTIVE (ACT) = IN DATA 

SET FORCE = FORCE EF/ID 
SET ACT II = EF LATA/ID 
CLR ONE SHOT (O.S.) = CLR O.S. 

Output Data (OD) 

SET/CLR MON = OUT CHAIN 

SET/CLR ACT = OUT DATA 

SET FORCE = FORCE EF/OD 
SET ACT II = EF DATA/OD 
CLR O.S. = CLR O.S. 

External Interrupt (El) 

SET/CLR MON = INT CP 
SET/CLR ACT = El DATA 

CLR O.S. = CLR O.S. 

External Function (EF) 

SET/CLR MON = INT ENABLE (EN) 
SET/CLR ACT = CHAIN EN 
CLR O.S. = CLR O.S. 
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priority by the MPC than central processor operations. The group/channel translator 
circuit is controlled by the macro instruction register and enables the required 
group and channel. After a channel has been activated for a specific function, the 
translator generates a signal to clear the oneshot for that function and enables an 
acknowledge via the acknowledge drivers to the peripheral generating the request. 

3-122. Input Data. The input parallel receivers accept data from peripherals and 
pass it to the input selector. There are 16 input receivers per channel, one for 
each data bit (0-15). When the input receivers are enabled by the Input Channel 
Select, data from the channel can then pass to the input selector. The input se¬ 
lector gates the receiver inputs to the source bus. The NTDS, RS-232, and MIL-STD- 

188 serial channels accept data from peripherals, convert it and send it to the 
source bus via input registers. 

3-123. Output Data. The 16-bit C registers hold parallel output data for the chan¬ 
nels of their group. The group select lines enable data from the I/O output reg¬ 
ister to the monitor clock register (figure 9-220) into the C registers. This data 
is available to the peripherals via output drivers until new data is gated into the 

registers. The C register contents may be displayed for troubleshooting. The NTDS 

serial channel converts the data from the source bus and sends it to the peripheral. 
The RS-232 and MIL-STD-188 output registers accept data from the source bus, the 
data is converted, and sent to the peripheral. 

3-124. I/O Control Memory. Each I/O channel has a control memory with sixteen 
16-bit locations for storing and updating of input and output buffer control words 
(BCW) and chain address pointers. Parallel channels use only six of the sixteen 
locations; serial channels use an additional three. Figure 3-30 shows the control 
memory address assignments. Figure 3-31 illustrates the serial control word format. 
Table 3-20 defines the I/O buffer control word bit assignments. 

3-125. Function Control. The 16-bit R1 register holds data for the I/O control 
memory adder and the I/O Mux. When R1 is enabled, data from control memory is 
loaded into it. The 16-bit R2 register provides a second input for the I/O CM 
adder. The R2 register contains predetermined values used by the adder for updating 
the buffer control words and address pointers. Refer to table 3-21. The 16-bit R3 
register places data on the I/O control memory input lines. This data remains on 
the lines until new data is presented to the register. The I/O Mux provides the 
input to register R3. One of two inputs can be selected: either the source bus or 
the output from the I/O control memory adder. The I/O control memory adder is a 
16-bit adder which is used to decrement buffer word counts and increment address 
pointers. The adder receives inputs from registers R1 and R2, and transmits an 
output to the I/O Mux. The I/O control memory address register provides address 
selection for the I/O control memory. The address register receives priority in¬ 
puts 1-7 from the priority circuitry and address drive from the drive circuitry 
(figures 9-208 and 9-209). 

3-126. I/O Operation. I/O activity is first initiated by the I/O Command macro¬ 
instruction (Op Code 35, RR). Subsequent I/O operations are controlled by buffer 
control words obtained from main memory and stored in locations 0 and 1 (input) or 
4 and 5 (output) of the I/O control memory for that channel. The control memory 
adder updates the control words at each I/O operation, decrementing the buffer word 
count and incrementing the chain address pointer. Parallel input data from the 
peripheral is received by the input receivers and sent to the source bus via the 
input selector. Data to be output to the peripherals is received from the source 
bus and is gated to the correct C register for output by the group select signal 
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TM = Transfer Mode 
B = Byte Pointer 
* Unassi.gned 
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Figure 3-30. I/O Control Memory Format 

from the group/channel translator. Tables 3-22 through 3-24 illustrate the relation¬ 
ship of IOC activity to the microinstructions being processed in the MPC. Input and 
output data transfers use a request/acknowledge system. On input operations the 
peripheral unit generates a request. When the IOC has granted priority, it accepts 
the data and acknowledges it, so the peripheral unit can continue the sequence. On 
output operations, the IOC generates the request to the peripheral device and must 
receive an acknowledge before it can continue activity in that channel. The two 
types of I/O instructions are listed below: 

1) I/O Command: The Processor/Emulator initiates I/O operation by setting the 
I/O command request line. This is done whenever the processor executes an I/O com¬ 
mand instruction (an operation code of 35 and an RR format). The first instruction 
executed by the I/O will be a command instruction stored at memory address 000140 
(and 000141, if double length). Memory storage locations for command instructions 
are referred to as the command cell. Subsequent I/O operations during input data, 
output data, or external function transfers are controlled by buffer control words 
obtained from main memory and stored in locations 0 and 1 of the I/O control memory 
assigned to that channel. 
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2) I/O Chaining: Chaining permits the I/O to operate as an independent pro¬ 
grammable device, able to execute a set of consecutive instructions stored in main 
memory. This has the effect of improving efficiency, since it does not have to 
interrupt processing operations to devote time to I/O control. Basically, chaining 
is accomplished by allocating a number of main memory locations to a series of I/O 
instructions, and directing the I/O, via a single command, to read and perform the 
series of instructions. Chaining means that the operations for a channel are con¬ 
trolled by a program addressed by the contents of the chain address pointer CM loca¬ 
tion. Whenever the I/O executes an initiate chain command instruction, chaining is 
enabled for the selected channel. Chaining operations continue in accordance with 
the sequential program stored in memory. An address in location 2 (input) or 6 
(output) of the internal control memory for each channel, designated the chain 
address pointer, specifies the address of the next chaining instruction to be exe¬ 
cuted for that channel. When a chaining instruction is obtained from memory, the 
I/O increments the contents of the chain address pointer by one if the instruction 
is single length, and by two if it is double length. When the I/O completes the 
operations required for the current chaining instruction, it obtains the next in¬ 
struction thereby keeping the channel active. Chaining continues until halted by 
program control (instruction 73, RR, a = 0 or 70, RR, a = 0, 10). Continuous loop¬ 
ing is possible, permitting updating of input/output buffers to reflect current 
data. 

3-127. Parallel I/O interface. Figure 2-32 and table 3-25 illustrate and define 
the parallel output interface and signal lines. Figure 3-33 and table 3-26 illus¬ 
trate and define the parallel input interface and signal lines. The parallel I/O 
interface may be the NTDS Slow (-15V), the NTDS Fast (-3V), or the ANEW (+3.5V) 
type. Table 1-1 specifies the maximum transfer rates (words per second) of each 
type of interface. The interface contains both control and data lines. The fol¬ 
lowing paragraphs describe the characteristics of each parallel interface type. 
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Character size 

00 « 5 bit character 

01 ■ 6 bit character 

10 = 7 bit character 

11 » 8 bit character 
Parity select 

0 = odd parity 
1 = even parity 
Parity enable 
0 = disable parity 
1 = enable parity 
Stop bits (asynchronous only) 
0 = one stop bit 
1 = two stop bit 
Asynchronous clock speed select 
(00 lowest to 11 highest) 

00 

01 

10 

11 


ure 3-31. Serial Control Word Format 

3-84A/C3-84R blank) 




Table 3-20. I/O Buffer Control Word Bit Assignments 


FUNCTION 

CONTROL MEMORY 
LOCATION 

BIT 

ASSIGNMENT 

DESCRIPTION 

Buffer Word 
Count 

Location 0, 4 

Bits 0-11 

These bits specify the number of 
bytes, single length words, or 
double length words to be trans¬ 
ferred during the selected oper¬ 
ation. An initial count of zero 
specifies the maximum number of 
transfers (4096). The contents 
of the buffer word count are 
decremented by one for each single 
length transfer or for two byte 
transfers. 

Byte Pointer 

Location 0, 4 

Bit 12 

This bit specifies which half word 
(upper or lower) of the memory lo¬ 
cation specified by the BCW will be 
used for the next transfer as fol¬ 
lows : 

0 - upper byte (bits 15-8) 

1 - lower byte (bits 7-0) 

This bit is toggled after each 
byte transfer. 

Not used 

Location 0, 4 

Bit 13 


Transfer Mode 

Location 0, 4 

Bits 14, 15 

These bits specify the word length 
to be transferred as follows: 

00 Abort transfer 

11 Byte transfer (8 bits) 

10 Single length transfer 
(16 bits) 

11 Dual channel (32-bit double 
length transfer) 

Buffer Address 
Pointer 

Location 1, 5 

Bits 0-15 

These bits are the main memory ad¬ 
dress specified for the next input 
data, output data, or external 
function transfer. During single 
length operations, the pointer is 
incremented by one for each trans¬ 
fer. During double length trans¬ 
fers, it is incremented by two. 
During byte transfer it is incre¬ 
mented by one whenever the byte 
pointer bit toggles from 1 to 0. 
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Table 3-21. Registers R1 and R2, and ALU Control for Buffers 


Hi 

R2 

ALU Mode 

R1 

R2 

ALU Mode 


fM 

IT 

B 

Word Count 71 

)0 

0 

1 

o 

o 


KXC 

L 

OR 

Rl - 1 


:wi 

>rce _) 


BC 
Fore 


Address 




R1 + R2 


BCW2 
Force _) 


T1 

Setup 

T2 EXECUTE TIME 


'J’2 

Setup 

T3 EXECUTE TIME 


X - Not significant 

* Least significant bit (LSB) of R2 equals one, if: 
b) B = 1 (B = Byte Pointer of BCW 1 at T1 time). 


a) TM = Word Mode or. 


NOTE 

Update of control memory occurs on T3 and T4 
times for DATA HIT • El. If it is a dual 
channel operation, PASS 1 does not update word 
count. 


3-128. The -15 volt (NTDS Slow) interface uses 0 volts and -15 volts to represent 
binary one and binary zero respectively. The switching threshold is -60 +1.5 volts. 
Figure 3-34 illustrates the output driver-input amplifier interface. 

3-129. The -15V input amplifier has the following characteristics: 

1) Output of the circuit switches from binary zero to binary one whenever the 

input signal changes in the positive direction through the range of -7.5 volts to 

-4.5 volts. 

2) Output of the circuit switches from binary one to binary zero whenever the 

input signal changes in the negative direction through the range of -4.5 volts to 

-7.5 volts. 

3) Circuit output is a binary zero whenever the steady state input signal is 
more negative than -7.5 volts, and a binary one if the steady state input is more 
positive than -4.5 volts. 

4) If the circuit input is open-circuited, the output is a binary zero. 

5) The circuit does not draw more than 4.0 milliamperes for a steady state binary 
one nor more than 1.0 milliamperes for a steady state binary zero. 
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Table 3-22. I/O Cycle Timing on Data Transfer 
INPUT AND OUTPUT 


_ 

u CODE 

SCAN 

I/O TIMING 


CP-(I/O Micro Code) 




f 


CP 




~T1 Read BCW1 


CP 




T2 Read BCW2 


CP 


CZ3 Scan 

£ 

TX Hold for Emulate 





H 



E 


I—1 Scan 

Ph 

o 

1—1 

TX BCW2 -*• MAR 





pf^ 



"CP 



PM 

T3 Write BCW1 


T INDATA -> MDR 



CLR 

_T4 Write BCW2 





o.s. 



No OP 




T1 Read BCW1 


P Hold-1 -► A5 Reg ^ 




T2 Read BCW2 

rH 

O 





Jz; 

W CO 

E s S=3 ^ 


1 1 Scan 

£ 

H 

TX BCW2 -*• MAR 

CO 

?< 





Pm _ 

_ No OP 



CJ 

M 

Ptf 

T3 Write BCW1 





CM 

(□Set REG AVAIL) 


No OP 



CLR 

_T4 Write BCW2 





o.s. 



No OP 

XI 




* 

>1 

TMDR -* Out Data g 

X2 



Term. Data (CLR ACT, SET MON) 

H 

H 





!□ CO 






o CO 

E s 3 

X3 




PM 







No OP 












* Saves an address for return to operation if only one data transfer is required. 
** No address is saved on multiple data transfers. 
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Table 3-23. I/O Dual Channel Output Data Transfer 


u CODE 


SCAN 


I/O TIMING 


H 

;z> co 
O co 
<J 

P-i 


•K rH 

* A 

H 

HD CO 
O CO 
< 
P-I 


CP (I/O Micro Code) 

CP 

CP 

CP 

E 

CP 

No OP 

P Hold-1 -» A5 Reg 
T MDR Out Data 

e start 

No OP 
No OP 
No OP 

T MDR -> Out Data 

e start 

No OP 


P4 

o 

i 

X 


X 

o 

<! 

X 


XI 

X2 

X3 


XI 

X2 

X3 


□ Scan 


m Scan 


>* 

H 

M 

P4 

O 

H 

PJ 

Pm 


TX 

T3 

T4 

T1 Read BCW1 
T2 Read BCW2 
TX Hold 
T3 

T4 Write BCW2 
T1 Read BCW1 
T2 Read BCW2 
TX 

T3 Write BCW1 
T4 Write BCW2 


* Saves an address for return to operation if only one data transfer is required. 
** No address is saved on multiple data transfers. 
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Table 3-24. I/O Dual Channel Input Data Transfer 


u CODE 

SCAN 

I/O TIMING 


CP 


t 1 Scan 


TX 


CP 




T3 


CP 



— 

T4 


CP 




T1 Read BCW1 


CP 




T2 Read BCW2 


E 


No Scan on 


TX Hold 




DL’PASS 1 

& 






P5 



CP_ 



cj 

M 

T3 DL*PASS 1, No BOT1 UPDATE 





p-< 



T In Data -*■ MDR 



— 

T4 Write BCW2 


No OP 

XI 



T1 Read BCWl 

1 — 1 






CO 
*pr { £0 

P Hold-1 -*■ A5 Reg H 

X2 



T2 Read BCW2 

H < 

3 





PL| 

X 






e start s ~ 3 

X3 

1 1 Scan 


TX Hold 

MM 

_ No OP 

IMM 



T3 Write BCWl 


T In Data -*■ MDR 



— 

T4 Write BCW2 


No OP 

XI 




rH 

mi 





* A 

* /x 

CO 

No OP § 

X2 




25 co 

H 





M <J 






CL, 

e start s=3 

X3 





_No OP _ 












CLR PASS 1 CONTROL 
A 5 -► uP 
A 6 ~* a 6 


Highest u Int: 

Returns control to CP u Code 
at point of I/O Break In. 


* Saves an address for return to operation if only one data transfer is required. 
** No address is saved on multiple data transfers. 
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Figure 3-32. Parallel Output Communication Interface 


Table 3-25. Function of Parallel Output Channel Lines 


NAME OF LINE 

DIRECTION OF 
SIGNAL 

FUNCTION 

External 

Function 

Reques t 

Line (Control) 

Peripheral 
Equipment to 

IOC 

Set condition indicates readiness of the 
peripheral equipment to accept an External 
Function Code Word on that channel. 

External 

Function 

Acknowledge 

Line (Control) 

IOC to 

Peripheral 

Equipment 

Set condition indicates the IOC has placed 
an External Function Code Word on the Out¬ 
put Data Lines of that channel. 

Output Data 
Request Line 
(Control) 

Peripheral 
Equipment 
to IOC 

Set condition indicates readiness of 
the peripheral equipment to accept a 
word of data on that channel. 

Output 

Acknowledge 

Line (Control) 

IOC to 

Peripheral 

Equipment 

Set condition indicates the IOC has 
placed a word of data on the Output 

Data Lines of that channel. 

Output Data 

Lines 

(16-Bit Data) 

IOC to 

Peripheral 

Equipment 

Carry 16-bit output data word. 


3-90 









P£AlPHe/iAL 

TOC. £QV\PM£A/T 



EKTeMAL J>T£**UPr £a/A6l£ UA/e m 



^ £XT£*A/*L XA/TBM\Jf>T RbqVZST L!a/£ 


i ajpot 

XAJP l/T OATA ReQ\)£ST LtA/t 

OuTpvT 

CHAMAJ6L 

XA/PVTAC,K/JO\JJL£bae L!AJ£ 

CHAa/a/bl 


Xa/PuT 0AT4 LlAJes "* 



1 

j 



Figure 3-33. Parallel Input Communication Interface 


Table 3-26. Function of Parallel Input Channel Lines 


NAME OF LINE 

DIRECTION OF 
SIGNAL 

FUNCTION 

External Inter¬ 
rupt Enable 

Line (Control) 

IOC to 

Peripheral 

Equipment 

Set condition indicates readiness of the 

IOC to accept an External Interrupt Code 

Word on that channel. 

Input Data 
Request Line 
(Control) 

Peripheral 
Equipment 
to IOC 

Set condition indicates that the periph¬ 
eral equipment has placed a word of data 
available to the IOC on the Input Data 

Lines of that channel. 

External Inter¬ 
rupt Request 

Line (Control) 

Peripheral 
Equipment 
to IOC 

Set condition indicates the peripheral 
equipment has placed an Interrupt Code 
word available to the IOC on the Input 

Data Lines of that channel. 

Input Acknowl¬ 
edge Line 
(Control) 

IOC to 

Peripheral 

Equipment 

Set condition indicates that the IOC has 
sampled the Input Data Lines of that 
channel. 

Input Data 

Lines 

(16-Bit Data) 

Peripheral 
Equipment 
to IOC 

Carry 16-bit input data word. 
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Figure 3-34. Parallel Slow (—15V) Interface 


6) Circuit output does not switch as a result of any input transient-pulse sig¬ 
nal with an integrated amplitude-duration of less than 15 volt-microseconds (a delay 
of 1.5 +0.5 microseconds with a 15-volt step input). 

3-130. The -15V output driver has the following characteristics when driving a line 
with 6000 or 12,000 picofarads capacitance: 

1) Binary one steady state output voltage is -1.5 volts to +1.5 volts. 

2) Binary zero steady state output voltage is -10.0 volts to -17.5 volts. 

3) Voltage variations between all binary zero output signals on one channel does 
not exceed 1.0 volt. 

4) Voltage variations between all binary one output signals on one channel does 
not exceed 1.0 volt. 

5) The circuit is capable- of supplying 4.0 milliamperes per line for a steady 
state binary one output, or of sinking 1.0 milliamperes per line for a steady state 
binary zero output. 

6) Circuit output switches in not more than 6.0 microseconds (measured between 10 
and 90 percent amplitude points), and at a rate of not more than 5.0 volts per 
microsecond. 

7) If power to the control line driver circuit is removed, the driver presents not 
less than 100,000 ohms impedance to the line with the restriction that the line volt- 
tage is within the range of -10.0 to -17.5 volts. 
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3-131. The -3 volt (NTDS Fast) interface uses 0 volts and -3 volts to represent 
binary one and binary zero respectively. The switching threshold is-1.5 + 0.4 volts. 
Figure 3-35 illustrates the output driver-input amplifier interface. 



Figure 3-35. Parallel Fast (-3V) Interface 


3-132. The -3V input amplifier has the following characteristics: 

1) Circuit output switches from binary zero to binary one whenever the input 
signal changes in the positive direction through the range of -1.9 volts to -1.1 
volts. 

2) Circuit output switches from binary one to binary zero whenever the input 
signal changes in the negative direction through the range of -1.1 to -1.9 volts. 

3) Circuit output is a binary zero whenever the steady state input signal is 
more negative than -1.9 volts, and a binary one if the steady state input is more 
positive than -1.1 volts. 

4) If circuit input is open-circuited, the output is a binary zero. 

5) The circuit does not draw more than 1.5 milliamperes for a steady state binary 
one nor more than 0.5 milliamperes for a steady state binary zero. 

6) The circuit output will not switch as a result of any input transient-pulse 
signal that has an amplitude of less than 7.5 volts if its duration and amplitude 
are common to both sides of the line (common mode). 

7) Circuit input presents a terminal impedance to the line equivalent to a re¬ 
sistance of 150 to 180 ohms in series with a capacitance of 0.0068 to 0,0100 micro¬ 
farads . 
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3-133. The -3V output driver has the following characteristics when driving a line 
with impedance of 100 to 180 ohms: 

1) Binary one steady state output voltage is 0.0 volts to -0.5 volts. 

2) Binary zero steady state output voltage is -3.0 volts to -4.5 volts. (The 
voltage may be more negative if the driven input circuit presents a more negative 
signal, with the restriction that the driven input circuit negative voltage does 
not exceed -7.0 volts.) 

3) The circuit is capable of supplying 1.5 milliamperes for a steady state binarj 
one output, or of sinking 0.5 milliampere for a steady state binary zero output. 

4) Circuit output switches in not more than 0.4 microseconds (measured between 
0.5 and -3.0 volts). 

5) If power to the control line driver circuit is removed, the driver presents 
not less than 100,000 ohms impedance to the line with the restriction that the line 
voltage is within the range of -3.0 to -7.0 volts. 

3-134. The +3.5 volt (ANEW) interface uses 0 volts and +3.5 volts to represent 
binary one and binary zero respectively. The switching threshold is between +0.8 
and +2.2 volts. Figure 3-36 illustrates the output driver-input amplifier inter¬ 
face. 



Figure 3-36. Parallel ANEW (+3.5V) Interface 


3-135. The +3.5V input amplifier has the following characteristics: 

1) Output of the circuit switches from binary zero to binary one whenever the 

input signal changes in the negative direction through the range of +2.2 volts to 

+0.8 volts. 

2) Output of the circuit switches from binary one to binary zero whenever the 

input signal changes in the positive direction through the range of +0.8 volts to 

+2.2 volts. 

3) Circuit output is a binary zero whenever the steady state input signal is 
more positive than +2.2 volts, and a binary one if the steady state input is more 
negative than +0.8 volts. 
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4) If the circuit input is open circuited, the output is a binary zero. 

5) The circuit does not draw or provide more than 2.5 milliamperes when a +3 

volt or 0 volt signal, respectively, is applied to the signal input terminal. 

6) The circuit output does not switch as a result of any input transient-pulse 

signal that has an amplitude between +6.0 and -6.0 volts if its duration and ampli¬ 
tude are common to both sides of the line (common mode). 

7) Input circuit presents a terminal impedance to the line equivalent to a re¬ 
sistance of 110 to 160 ohms in series with a capacitance of 0.0068 to 0.01 micro¬ 
farad. 

8) Signal input and return input terminal input resistances are matched to within 
+8 percent. 

3-136. The +3.5 volt output driver has the following characteristics when driving a 
line with impedance of 100 to 180 ohms: 

1) Binary one steady state output voltage is 0.0 to +0.45 volt. The output driver 
sinks a current of 40 milliamperes at the +0.45 volt level. 

2) Binary zero steady state output voltage is +2.7 volts minimum when supplying 
27 milliamperes, or +4.5 volts maximum when open circuited. 

3) Output voltage fall times (90% to 10%) and rise times (10% to 90%) are less 
than 100 nanoseconds. 

4) If power to the control line driver is removed, the driver presents not less 
than 100,000 ohms impedance to the line with the restriction that the line voltage 
is within the range of +3.0 to +7.0 volts. 

3-137. Parallel I/O Timing. Figures 3-37 through 3-42 illustrate the minimum 
durations of signals, and timing between signals, in the communication sequence for 
each of the three types of parallel interfaces. Figures 3-37 and 3-38 are for the 
Slow (-15V) interface. Figures 3-39 and 3-40 are for the Fast (-3V) interface. 
Figures 3-41 and 3-42 are for the ANEW (+3.5V) interface. I/O operation timing is 
provided by the DPS Master Clock and is developed into timing signals T1, T2, T3, 
and T4 in the IOC timing circuitry (logic diagram, figure 9-202). 

3-138. When the Input Data Request (IDR) Line is set, the peripheral equipment 
must clear the IDR Line at least 20 microseconds before it changes the data on the 
input data lines and sets the External Interrupt Request (EIR) line. This prevents 
the DPS from interpreting the External Interrupt Code Word (EICW) on the input data 
lines as an input data word. 

3-139. When the External Interrupt Request (EIR) line is set, the peripheral equip¬ 
ment must clear the EIR line at least 20 microseconds before it changes the external 
interrupt data on the input data lines and sets the Input Data Request (IDR) line. 
This prevents the DPS from interpreting the input data word on the input data lines 
as an External Interrupt Code Word (EICW). 

3-140. Parallel I/O Operations. The following paragraphs describe the interaction 
of the IOC and the peripheral equipment for the various parallel I/O operations. 

Table 3-19 lists the various I/O chip functions. 
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Figure 3-38. Parallel I/O External Interrupt or Input Data Timing 

(-15 Volt Interface) 


3-97 






3-98 


Figure 3-39. Parallel I/O External Function or Output Data Timing 

(-3 Volt Interface) 
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Figure 3-41. Parallel I/O External Function or Output Data Timing 

(+3.5 Volt Interface) 
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Figure 3-42. Parallel I/O External Interrupt or Input Data Timing 

(+3.5 Volt Interface) 







3-141. When an External Function buffer has been established for a channel, the 
IOC and peripheral unit on that channel transfer an External Function Code Word 
(EFCW) in the following manner. See Figures 3-37, 3-39, or 3-41. 

1) When the peripheral equipment is ready to accept an External Function Code 
Word, the peripheral equipment sets the External Function Request line (this may 
have already happened before the External Function buffer was established). 

2) In accordance with internal priority, the IOC detects the setting of the 
External Function Request line. 

3) The IOC places an EFCW on the output data lines. 

4) The IOC sets the External Function Acknowledge line (to indicate that the 
External Function Code Word is on the output data lines). 

5) The peripheral equipment detects the setting of the External Function Ac¬ 
knowledge line. (The peripheral equipment may clear the External Function Request 
line any time after detecting the setting of the External Function Acknowledge line, 
but it must clear the External Function Request line before the IOC will recognize 
the next External Function Request.) 

6) The peripheral equipment samples the External Function Code Word on the output 
data lines. 

7) The IOC clears the External Function Acknowledge line before it places the 
next word on the output data lines. 


NOTE 

Steps 1 and 2 above are omitted for peripheral equipment which do not have 
an External Function Request (EFR) line. 

3-142. When the current instruction of the DPS macroprogram is a Forced External 
Function, the IOC and peripheral unit on that channel transfer an External Function 
Code Word in the following manner. The External Function Request line is not in¬ 
volved and the transfer proceeds whether or not the External Function Request line 
is set. See figures 3-37, 3-39, or 3-41. 

1) The IOC places an External Function Code Word on the output data lines. 

2) The IOC sets the External Function Acknowledge line (to indicate the EFCW is 
on the output data lines). 

3) The peripheral unit detects the setting of the External Function Acknowledge 
line. (The peripheral unit may clear the External Function Request line any time 
after detecting the setting of the External Function Acknowledge line, but it must 
clear the Request line before the IOC will recognize the next External Function 
Request.) 

4) The peripheral unit samples the EFCW on the output data lines. 

5) The IOC clears the External Function Acknowledge line before it places the 
next word on the output data lines. 
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NOTE 


Programming restrictions may be required for peripheral equipment which 
cannot accept Forced External Functions at the rate possible. Refer to 
individual equipment specifications or technical manuals. 

3-143, When an output data buffer has been established for a channel, the IOC and 
the peripheral unit on that channel transfer data in the following sequence. See 
figure 3-37, 3-39, or 3-41. 

1) When the peripheral equipment is ready to accept data, the peripheral equip¬ 
ment sets the Output Data Request line (this may already have happened before the 
output data buffer was established). 

2) In accordance with internal priorities, the IOC detects the setting of the 
Output Data Request line. 

3) The IOC places a word of data on the output data lines. 

4) The IOC sets the Output Acknowledge line (to indicate that a word of data is 
on the output data lines). 

5) The peripheral equipment detects the setting of the Output Acknowledge line. 
(The peripheral equipment may clear the Output Data Request line any time after 
detecting the setting of the Output Acknowledge line, but it must clear the Output 
Data Request line before the IOC will recognize the next Output Data Request.) 

6) The peripheral equipment samples the data word which is on the output data 
lines. 

7) The IOC clears the Output Acknowledge line before it places the next word on 
the output data lines. The actual state (binary one or zero) of the data lines is 
detected, therefore the data lines need not be cleared between words. 

3-144. The IOC and the peripheral equipment repeat the above sequence for each 
successive word of data until they have transferred the entire block of data words 
specified by the Output Buffer Control Words. On output operation, the IOC pro¬ 
vides a delay between gating data to the output lines and setting the ODA or EFA 
lines to insure the data lines are stable for sampling any time the ODA or EFA 
lines are set. The. 0DR and EFR signals, once set by the peripheral unit, remain 
set until the IOC sets the corresponding acknowledge line, ODA or EFA respectively. 

3-145. The IOC and peripheral unit transfer an External Interrupt Code Word (EICW) 
in the following manner. See figures 3-38, 3-40, or 3-42. 

1) The IOC, under program control, sets the External Interrupt Enable line. 

2) The peripheral equipment detects the setting of the External Interrupt Enable 
line. 

3) The peripheral equipment places an External Interrupt Code Word on the input 
data lines. 

4) The peripheral equipment sets the External Interrupt Request line (to indicate 
that the External Interrupt Code Word is on the input data lines). 
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5) In accordance with internal priorities, the IOC detects the setting of the 
External Interrupt Request line. 

6) The IOC samples the External Interrupt Code Word which is on the input data 
lines. 

7) The IOC sets the Input Acknowledge line. 

8) Synchronously with step 7, the IOC clears the External Interrupt Enable line. 

9) The peripheral equipment detects step 7 or both steps 7 and 8. (The periph¬ 
eral equipment may clear the External Interrupt Request line any time after detect¬ 
ing the setting of the Input Acknowledge line, but it must clear the External 
Interrupt Request line before the IOC will recognize the next External Interrupt 
Request.) 

10) The IOC clears the Input Acknowledge line before it samples the next word 
on the input data lines. 

3-146. When an input data buffer has been established for a channel, the IOC and 
peripheral unit on that channel transfer data in the following sequence. See 
figures 3-38, 3-40, or 3-42. 

1) The peripheral equipment places a word of data on the input data lines. 

2) The peripheral equipment sets the Input Data Request line (to indicate that 
a word of data is on the input data lines). 

3) In accordance with internal priorities, the IOC detects the setting of the 
Input Data Request line. 

4) The IOC samples the data word which is on the input data lines. 

5) The IOC sets the Input Acknowledge line (indicating that it has sampled the 

data word on the input data lines). 

6) The peripheral equipment detects the setting of the Input Acknowledge line. 
(The peripheral equipment may clear the Input Data Request line any time after 
detecting the setting of the Input Acknowledge line, but it must clear the Request 
line before the IOC will recognize the next Input Data Request.) 

7) The IOC clears the Input Acknowledge line before it reads the next word on the 

input data lines. The actual state (binary one or zero) of the data lines is de¬ 

tected, therefore the dat,& lines need not be cleared between words. 

3-147. The IOC and peripheral equipment repeat the above sequence for each suc¬ 
cessive word of data until they have transferred the entire block of data words 
specified by the Input Buffer Control Words. Once the IDR or EIR has been set, the 
peripheral equipment must not change the state of the input data lines before the 
IOC has acknowledged the request. The only exception to this is that the IDR or 
EIR may be cleared before the IDA is received if the possible loss of data is of 
secondary importance. 
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3-148. The dual channel mode selector card is required to select dual channel 
mode. Dual channel operations occur during input data, output data, or external 
function transfers, when the transfer mode (TM) designators of a buffer control 
word specify double length (32-bit) I/O transfers. The two parallel channels 
used simultaneously (n, n + 4) are corresponding channels in consecutive 4-channel 
groups, which must have the same interface voltage level. Channel n must be in an 
even numbered group (group 0 or 2). Channel n controls the transfer, and channel 
n + 4 control is disabled. Channel n + 4 uses memory data located at address Y and 
channel n uses address Y + 1, where Y is the address specified in the buffer address 
pointer of the buffer control word. Y must be an even,number and must contain the 
16 most significant bits of the double length word, with Y + 1 containing the 16 
least significant bits. During dual channel operation, an external interrupt word 
from the peripheral being referenced will be stored at the memory location cor¬ 
responding to the lower channel (n) only. Tables 3-23 and 3-24 list the dual chan¬ 
nel input and output sequences. See figure 3-43 for dual channel jumper cable block 
diagram. A jumper is plugged into both the input and output connectors on channel 
connectors of channels n and n + 4. Dual channels are capable of operation in Normal 
mode, Intercomputer mode (when so specified on initial order), or Externally Speci¬ 
fied Addressing (ESA) mode (when so specified on initial order). 

3-149. ESA mode provides an AN/UYK-7 compatible interface. On ESA mode an input 
and output channel pair may operate to send or receive data on a word-by-word basis. 
The peripheral device then specifies an address for each output and input word re¬ 
quested. On ESA mode output, the peripheral device places the address on the lower 
16 bits of the input channel and signals via the Output Data Request line of the 
output channel. The IOC places the 32-bits of data (from the requested memory ad¬ 
dress) on the output channel and sends an Output Data Acknowledge. On ESA mode 
input, the peripheral device places the data on the high-order 16 data lines and the 
address on the low-order 16 data lines and signals via the Input Request line of the 
input channel. The IOC then stores the 32 data lines (data and address) at the re¬ 
quested memory address and sends an Input Acknowledge. Transfers are deactivated by 
the IOC executing a 70 RR instruction with an m-designator of 0 or 10, or by normal 
buffer termination. For channels to operate in the ESA mode, the mode selector card 
must be wired to select the ESA mode. Only dual channels operate in ESA. 

3-150. When the DPS and another computer are connected as illustrated in figure 
3-44, they are capable of transferring data in the intercomputer mode. Table 3-27 
defines the function of each of the intercomputer channel control lines. The trans¬ 
mitting computer holds the data or EF code on the output data lines until the receiv¬ 
ing computer sets the Resume line or the transmitting computer program intervenes to 
resolve no-resume condition. 

3-151. Whenever an External Function buffer has been established in the trans¬ 
mitting computer for a channel, the transmitting computer and the receiving computer 
transfer a command word as follows: 

*1) When the receiving computer is ready to accept an External Function Command 
Word, the receiving computer, under program control, sets the External Interrupt 
Enable line. 


* These steps are omitted for computers which do not have an EIE line. 
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Figure 3-43. Parallel Dual Channel Jumper Cable Diagram 
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Figure 3-44. Parallel I/O Intercomputer Interface 


*2) In accordance with internal priority, the transmitting computer detects the 
setting of the External Interrupt Enable line (which it recognizes as its External 
Function Request line). 

3) The transmitting computer places an External Function Command Word on the 
output data lines. 

4) The transmitting computer sets the External Function Acknowledge line (to 
indicate that the External Function Command Word is on the output data lines). 

5) In accordance with internal priorities, the receiving computer detects the 
setting of the External Function Acknowledge line of the transmitting computer 
(which it recognizes as its External Interrupt Request line). 

6) The receiving computer samples its input data lines. 


These steps are omitted for computers which do not have an EIE line. 
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Table 3-27. Function of Intercomputer Channel Control Lines 


NAME OF LINE 

DIRECTION OF 
SIGNAL 

FUNCTION 

^External 
Interrupt 
Enable Line 

Receiving 
Computer to 
Transmitting 
Computer 

Set condition indicates readiness of the 
receiving computer to accept an EF command 
word on that channel. 

Ready Line 

Transmitting 
Computer to 
Receiving 
Computer 

Set condition indicates that the trans¬ 
mitting computer has placed a word of 
data on the Output Data Lines of that 
channel. 

External 

Function 

Acknowledge 

Line 

Transmitting 
Computer to 
Receiving 
Computer 

Set condition indicates the transmitting 
computer has placed an EF Command Word 
on the Output Data Lines of that channel. 

Resume Line 

Receiving 
Computer to 
Transmitting 
Computer 

Set condition indicates that the receiv¬ 
ing computer has sampled the Input Data 

Lines of that channel. 


*Not all computers have the EIE Line; refer to the individual computer speci¬ 
fication or technical manual. 


7) The receiving computer sets its Input Acknowledge line. 

*8) Synchronously with step 7, the receiving computer clears the External Inter¬ 
rupt Enable Line. 

9) The transmitting computer detects the setting of the Input Acknowledge line 
of the receiving computer (which it recognizes as its Resume line). 

10) The transmitting computer clears its External Function Acknowledge line before 
it places the next word on its output data lines, and the receiving computer clears 
its Input Acknowledge line before it reads the next word on its input data lines. 

3-152. Whenever the current instruction of the transmitting computer program is a 
forced External Function, that computer transfers a Command Word to the other com¬ 
puter as follows: 

1) The transmitting computer places an External Function Command Word on its 
output data lines. 

2) The transmitting computer sets its External Function Acknowledge line (to 
indicate that a Command Word is on the data lines). 


* These steps are omitted for computers which do not have an EIE line. 
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3) In accordance with internal priorities, the receiving computer detects the 
setting of the External Function Acknowledge line of the transmitting computer 
(which it recognizes as its External Interrupt Request line). 

4) The receiving computer samples its input data lines. 

5) The receiving computer sets its Input Acknowledge line. 

6) The transmitting computer detects the setting of the Input Acknowledge line 
of the receiving computer (which it recognizes as its Resume line). 

7) The transmitting computer clears its External Function Acknowledge line before 
it places the next word on its output data lines, and the receiving computer clears 
its Input Acknowledge line before it samples the next word on its input data lines. 

3-153. Whenever an Output Data buffer has been established in the transmitting 
computer and an Input Data buffer has been established in the receiving computer 
for the same channel, the transmitting computer and the receiving computer transfer 
data as follows: 

1) The transmitting computer places a word of data on its output data lines. 

2) The transmitting computer sets its Ready line (to indicate that a word of 
data is on its output data lines). 

3) In accordance with internal priorities, the receiving computer detects the 
setting of the Ready line of the transmitting computer (which it recognizes as its 
Input Data Request line). 

4) The receiving computer samples the input data lines. 

5) The receiving computer sets its Input Acknowledge line. 

6) The transmitting computer detects the setting of the Input Acknowledge line 
of the receiving computer (which it recognizes as its Resume line). 

7) The transmitting computer clears the Ready line before it places the next 
word of data on its output data lines, and the receiving computer clears its Input 
Acknowledge line before it samples the next word of data on its input data lines. 

The computers repeat this sequence until they have transferred the block of words 
specified by the buffer control words. 

3-154, MIL-STD-188 Serial I/O. The expanded MIL-STD-188 serial I/O channel inter¬ 
face in either synchronous or asynchronous mode is available as a plug-in option. 

NOTE 

I/O options are plug-in options, but adapter plugs and a rewired jumper 
mode card may be required to change from one I/O option to another. When 
an option requires a coaxial cable a 120-pin adapter plug with a coaxial 
connector is required. 

Refer to Chapter 8 for interface jack, pin, and cable assignments. MIL-STD-188 
serial I/O channels are available in groups of two channels with the characteristics 
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listed in table 3-28. Each channel is capable of internal loopback testing under 
program control. Figure 3-45 illustrates the expanded MIL-STD-188 interface. The 
MIL-STO-188 interface has seven discrete control lines with +6 volts ON and -6 volts 
OFF, and five discrete control lines with +6 volts ON and 0 volts OFF. All 12 of 
the discrete control may be used concurrently. The control lines are lettered 
rather than named as each application may use the discrete functions differently. 
Table 3-29 lists the control lines and their function, if designated. Lines TX 
Clock and RX Clock are used in synchronous mode only to gate the respective data 
lines. All interface lines for one channel are contained in one interface connector. 

3-155. The MIL-STD-188 serial I/O interrupt word format is specified in figure 
3-46. Either of the three discrete signals shown cause a Class III external inter¬ 
rupt (see table 3-10). 

3-156. EIA RS-232 Standard Serial I/O. The RS-232 serial I/O channel interface in 
either synchronous or asynchronous mode is available as a plug-in option. Refer to 
Chapter 8 for interface jack, pin, and cable assignments. RS-232 serial I/O channels 
are available in groups of two channels with the characteristics listed in table 3-30. 
Each channel is capable of internal loopback testing under program control. Figure 
3-47 illustrates the EIA RS-232 standard interface. The RS-232 interface uses 
eight discrete control lines plus two data and two clock (synchronous mode only) 
lines. All interface lines for each channel are contained in one interface con¬ 
nector, and all RS-232 data and control lines are EIA standard. 

3-157. The RS-232 serial I/O interrupt word format is specified in figure 3-48. 

The Ring On or Carrier Off events set the Class III external interrupt (see table 
3-10). The DPS stores the interrupt word at the main memory address assigned to 
its channel. 


Table 3-28. MIL-STD-188 Serial I/O Characteristics 


CHANNEL 

TYPE 

MODULATION 

RATE 

CHARACTER 

SIZE 

CHARACTER 

INTERVAL 

Synchronous 

Up to 9600 

5, 6, 7, or 8 level 

Parity bit is program 


Bi ts/Second 

(Selectable under 
program control) 

selectable, and if used 
is included in the 
character interval. 

Asynchronous 

75, 150, 300, 

5, 6, 7, or 8 level 

Includes a Start bit. 


600, 1200, or 

(Selectable under 

and under program 


2400 Bits/ . 
second (Any 
four* of above 
six rates 
available (per 
two channel 
group) as an 
ordering 
option). 

program control) 

control one or two 

Stop bits and a 

Parity bit. 


* Each of the four rates are program control selectable for each channel. 
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AN/UYK-20(V) 

DPS 


Signal ground 


Synchronous 
mode only 


1. Under Program Control 

2. Generates Class III Interrupts when switched to "ON 

3. Inhibits Input Transfers when "OFF" 

4. Inhibits Output Transfers when "OFF" 

5. Generates Class III Interrupt when switched to "OFF 

6. Available as Status to IOC Program 

7. Line will go "ON" when disconnected 


Figure 3-45. MIL-STD-188 Serial Channel Interface 







Table 3-29. MIL-STD-188 Control Lines 


CONTROL 

LINE 

FUNCTION 

A1 

Under Program Control 

D1 

Under Program Control 

FI 

Under Program Control 

G1 

Under Program Control 

HI 

Under Program Control 

J1 

Under Program Control 

B2 

Generates Class III Interrupt 
when switched to ON 

12 

Generates Class III Interrupt 
when switched to ON 

K3 

Inhibits Input Transfers when OFF 

L4 

Inhibits Output Transfers when OFF 

C5 

Generates Class III Interrupt 
when switched to OFF 

E6 

Available as status to IOC Program 

K7 

Line goes ON when Disconnected 

L7 

Line goes ON when Disconnected 



Figure 3-46. MIL-STD-188 Interrupt Word Format 
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Table 3-30. RS-232 Standard Serial I/O Characteristics 


CHANNEL 

TYPE 

MODULATION 

RATE 

CHARACTER 

SIZE 

CHARACTER 

INTERVAL 

Synchronous 

Up to 9600 

5, 6, 7, 8 Level 

Parity bit is program 


Bits/second 

(Selectable under 
program control) 

selectable, and if used 
is included in the 
character interval. 

Asynchronous 

75, 150, 300, 

5, 6, 7, or 8 Level 

Includes a Start bit, 


600, 1200*, 

(Selectable under 

and under program 


or 2400* Bits/ 
second (Any 
four** of 
above six 
rates avail¬ 
able (per two 
channel group) 
as an ordering 
option). 

program control) 

control one or two 

Stop bits and a 

Parity bit. 


* 1200 and 2400 Bits/second options available at a future date. 

** Each of the four rates are program control selectable for each channel. 


3-158. NTDS 32-Bit Serial I/O. The NTDS serial I/O channel is available as a 
plug-in option on the DPS, when so specified on order. NTDS serial I/O channels 
operate in asynchronous mode and are 32 bits in length (a dual AN/UYK-20(V) word 
length). Each serial NTDS group consists of an output channel and an input channel. 
The output channel uses one cable connected at the even-numbered output channel lo¬ 
cation, and the input channel uses one cable connected at the even-numbered input 
channel location. The odd-numbered I/O channel connector locations are not used. 
Each cable, output and input, consists of a coaxial signal line and a return line 
as shown in figure 3-49. Both the output and input channels transfer 32-bits of 
data along with sync bits, identifier bits, and control bits. Table 3-31 lists 
the characteristics of the NTDS 32-bit channel. 

3-159. The NTDS serial interface receives control frames, input data words, and 
external interrupt control words. It transmits control frames, output data words, 
and external function words. See figure 3-50. There are four types of control 
frames. Each control frame consists of a sync bit followed by two control bits. 

For each type of control frame, the two control bits specify the control function 
(nature of the request or enable, or the not ready status of the equipment). Figure 
3-51 defines the four types of control frames. 

3-160. The EF and El control words and the data words have the format shown in 
figure 3-52. The first bit is the sync bit, the second is the word identifier, and 
the remaining bits are the information bits of the word. 

3-161. The IOC continually interrogates the peripheral equipment on each NTDS 
serial output channel by sending Output Enable Control Frames (OECF) to the peripheral 
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Figure 3-47. EIA RS-232 Standard Serial Channel Interface 









Figure 3-49. NTDS 32-Bit Serial I/O Channel 


Table 3-31. NTDS 32-Bit Serial I/O Characteristics 


CHANNEL 

TYPE 

MODULATION 

RATE 

DATA CHARACTER 

SIZE 

CHARACTER 

INTERVAL 

Asynchronous 

75, 150, 300, 
or 600 Bits/ 
second (Ac¬ 
curacy of 1%) 

5 or 7 data elements 

Consists of ten signal 
elements with equal time 
intervals; one start, 
seven or five data, one 
Character parity, and 
one or two stop elements 
(programing option). 
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Figure 3-50. NTDS Serial Channel Interface 
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a. Input Request Control Frame (IRCF), Peripheral-to-DPS 
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b. Input Enable Control Frame (IECF), DPS-to-Peripheral 


c. Output Request Control Frame (ORCF), Peripheral-to-DPS 
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Figure 3-51. 3-Bit Control Frames 
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Figure 3-52. NTDS Serial I/O Word Format 

equipment. The peripheral equipment responds with an Output Request Control Frame 
(ORCF), with both output data and external function bits set. If the IOC has an 
active output buffer corresponding to its OECF, it sends, in accordance with internal 
priorities, a 32-bit output or external function word to the peripheral equipment. 

If the IOC does not have an active output buffer corresponding to its OECF, another 
OECF from the IOC and another ORCF sequence from the peripheral equipment occurs. 

AH output control frames and output data are transferred on the output channel 
cable. Each 32-bit output data word transferred is accompanied by an OECF and an 
ORCF. 

3-162. The peripheral equipment continually interrogates the IOC on each NTDS 
serial input channel by sending Input Request Control Frames (IRCF), with both input 
data request and external'interrupt bits set, to the IOC. The IOC responds with an 
Input Enable Control Frame (IECF). If the peripheral equipment is ready with its 
data, a 32-bit input or interrupt word is sent to the IOC. If the peripheral equip¬ 
ment does not have data corresponding with the IECF from the IOC, another IRCF from 
the peripheral equipment and another IECF sequence from the IOC occurs. All input 
control frames and input data are transferred on the input channel cable. Each 32- 
bit input data word transferred is accompanied by an IRCF and an IECF. 

3-163. Serial I/O Timing. I/O operation timing is provided by the DPS Master Clock 
and developed into timing signals T1-T4 in the IOC timing circuitry, or timing is 
provided from an external source. To assure reliable data transfers, the following 
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signal timing restrictions (plus cable propagation time of 1.5 nanoseconds/foot) are 
required of the equipment. Unless otherwise specified the timing requirements are 
measured from the leading edge of the synchronization pulse of one event to the 
leading edge of the synchronization pulse of the succeeding event. Each of the 
following timing requirements refers to the timing on each individual cable. 

1) Consecutive Control Frames: Time between consecutive control frames trans¬ 
mitted by the same equipment must not be less than 18.5 microseconds plus cable 
propagation time. 

2) OECF to ORCF: Time between computer transmitting an OECF and receiving the 
ORCF from the peripheral equipment must not be greater than 17 microseconds plus 
cable propagation time. 

3) Enable-To-Request Time Exceeded: If this time exceeds 17 microseconds plus 
cable propagation time, the processor must again send the OECF if data transfer is 
still required. 

4) ORCF to Data: There is no time limit between the time the processor receives 
the ORCF and the time it transmits the requested output data word. 

5) Output to Sync: Time between the trailing edge of the last bit of an output 
word and the next sync bit must be not less than 200 nanoseconds. 

6) IRCF to IECF: Time between receiving an IRCF and transmitting an IECF must 
not be greater than 15.0 microseconds. 

7) IECF to Input: Peripheral equipment must transmit an input word within 15.0 
microseconds of receiving an IECF. The time between transmission of an IECF and 
receiving an input word must not be greater than 17.0 microseconds plus cable 
propagation time. 

8) Input to Sync: Time between the trailing edge of the last bit of an input 
word to the next IRCF bit must not be less than 200 nanoseconds. 

9) Transmitter Receiver Pair: Except when the transmitter is transmitting, the 
receiver is capable of receiving signals at all times. 

3-164. The output timing characteristics for the NTDS serial I/O are listed below. 

1) If the peripheral equipment does not respond to the OECF by sending an ORCF, 
the DPS sends an OECF every 30 microseconds nominal. 

2) If the peripheral equipment responds to each OECF with a not ready ORCF, both 
the OECF and the ORCF occur within 3 microseconds nominal. 

3) If the DPS is to send an external function with force, it begins to transfer 
the data word within 30 psec nominal after the OECF even if the peripheral equip¬ 
ment did not respond with the ORCF. 

4) If normal data transfers occur, the DPS transfers each 32-bit word, along 
with the required OECF and ORCF, every 7 psec nominal for an effective data transfer 
rate of 150,000 words/second (32-bit words). 



3-165. Figure 3-53 provides the bi-polar pulse timing and characteristics at the 
transmitter end for the NTDS serial interface. Information is transmitted via bi¬ 
polar, phase modulated, serial pulse trains. The first pulse (sync pulse) of the 
serial pulse train is a phase zero degree pulse (binary one) and is a high polarity 
followed by a low polarity. A binary zero pulse is a phase 180 degree pulse (low 
followed by high). During the time when control frames or data and control words 
are not being transmitted, no signal is present. 


T~ 100+5 ns-* 



max max 


Figure 3-53, Bi-polar Pulse Characteristics 
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3-166. POWER SUPPLY. The power supply converts the ac input power into the 
filtered and regulated dc voltages required by the DPS logic and memory circuits. 

It provides protection against input overvoltage and output overcurrent conditions, 
and provides master clear and power interrupt status signals to the processor when 
input or output voltages are out of tolerance. The power supply occupies its own 
chassis at the bottom rear of the cabinet. Figure 3-54 provides a functional block 
diagram, and table 3-32 lists the characteristics of the power supply. There are 
six power supply schematic diagrams, representing six optional input power con¬ 
figurations. These diagrams are in Chapter 9 (Volume II) of this manual; the 
diagram number for each input option appears in table 3-32. The schematic diagram 
for the control card used in all power supplies is 7119455. The major functional 
elements of the power supply are an EMI filter (on 400 Hz options only), an input 
power transformer (on three phase options only), a rectifier circuit, a switching 
regulator, a dc-dc converter, power status circuits, and overvoltage/overcurrent 
protective circuits. 

3-167. EMI Filter. An inductor-capacitor filter network is included in each ac 
power input line on 400 Hz input power options to minimize introduction of external 
power line noise into the supply and to attenuate transmission of internally gener¬ 
ated switching noise. A typical filter network appears on schematic diagram number 
7101840, and comprises chokes A3 L1-L9, and capacitors A3 C1-C6. 

3-168. Input Power Transformers and Rectifiers. Input transformers and rectifiers 
both vary according to the input power options as follows. 

3-169. Power supply options having a three-phase input power configuration employ 
an input power transformer with either a delta or wye primary connection. The 
transformer secondary outputs are rectified by a three-phase full-wave bridge to 
provide the nominal +150 Vdc required by the switching regulator. An inductor- 
capacitor averaging filter follows the rectifier to smooth the dc input to the 
switching regulator. Referring to schematic diagram number 7101840 as an example, 
the ac input from EMI filter A3 is applied to the delta-connected primary of T1. 

The T1 secondary outputs are rectified by the full-wave bridge comprised of A7CR14- 
CR15-CR16, and the resulting dc smoothed by series inductor A1L1, and shunt capaci¬ 
tor A1C1. 

3-170. Power supply options having a single-phase input power configuration recti¬ 
fy the input power directly following the EMI filter without use of an input trans¬ 
former. Referring to the schematic diagram, number 7101875 as an example, the ac 
input power is applied to rectifier A7CR14 via A8R1 which limits the starting 
current inrush to protect the power switch. Approximately 50 milliseconds after 
power application, relay A8K1 closes to effectively remove A8R1 from the circuit. 

The rectified output from A7CR14 is filtered by shunt capacitor A1C1 and the result¬ 
ing dc furnished to the switching regulator. 

3-171. Internal Power. A +15V bootstrap power supply is included in all power 
supply configurations to furnish initial operating power to the control circuits 
during start-up. After start-up, operating power is derived from the dc to dc 
converter outputs. +5V power is provided for the integrated circuits in the power 
supply control circuitry. 

3-172. The bootstrap power supply consists of a transformer, rectifier, and regu¬ 
lator. Referring to schematic diagram number 7101840, one leg of the three-phase 
power input is applied to transformer A4T1. The transformer secondary output is 
rectified by full-wave bridge A6CR1 located on the control card, schematic 
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* EMI FILTER USED ONLY ON 400 HZ OPTIONS 
** TRANSFORMER INPUT USED ONLY ON 30 POWER OPTIONS 


Figure 3-54 


Power Supply Overall Functional Block Diagram 

































Table 3-32. Power Supply Characteristics 


ITEM 

CHARACTERISTIC/PARAMETER 

Input Power 



- Option 1 

115 Vac +5%, line-to-line, 400 Hz 30 delta 
input (schematic diagram No. 7101840) 

- Option 2 

115 Vac +7%, 400 Hz, 10 input (schematic 
diagram No. 7101875) 

- Option 3 

115 Vac +5%, line-to-line, 60 Hz, 30 delta 
input (schematic diagram No. 7101880) 

- Option 4 

115 Vac +7%, 60 Hz, 10 input (schematic 
diagram No. 7101885) 

- Option 5 

115 Vac +5%, line-to-neutral, 60 Hz, 30 
wye input (schematic diagram No. 7101990) 

- Option 6 

115 Vac +5%, line-to-neutral, 400 Hz, 30 
wye input (schematic diagram No. 7101995) 

Total Power Requirement 

850 Watts nominal 

Power Supply Power 
Dissipation 

250 Watts nominal 

Output Power 

Tolerance 

Maximum Load 

-5.2 Vdc 

± 5 % 

10.0 Amperes 

-5.0 Vdc 

+ 5 % 

1.0 Amperes 

+5 Vdc Memory 

± 5 % 

18.5 Amperes 

+5 Vdc Processor 

± 5 % 

42.0 Amperes 

+12 Vdc 

± 5 % 

1.0 Amperes 

+15 Vdc 

± 2 % 

12.0 Amperes 

-16 Vdc 

+2% 

2.4 Amperes 
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diagram number 7119455. The rectified voltage is regulated to +15 Vdc by series- 
pass transistor A7Q2. Zener diode A6CR6 provides the nominal 15 volt reference 
for the base of A7Q2. After the supply is in operation, the bootstrap voltage is 
overridden by the nominal 20 volt operating voltage derived from dc-dc converter 
output winding A5T2-A29-A31. The output is rectified by diodes A6CR7 and A6CR8, 
and filtered by series resistor A6R6 and shunt capacitor A6C12. In addition to 
being used for control circuit operation, this voltage is sensed by the feedback 
voltage regulator to detect output voltage errors. 

3-173. The internal +5 Vdc power furnished to the integrated circuits is derived 
from the +20 Vdc bus by integrated regulator circuit A7U1. The +20 Vdc input is 
applied to A7Ul-Pin 1. The +50 Vdc output appears at A7U1 Pin 2, and is filtered 
by capacitor A6C11. 

3-174. Switching Regulator Control Circuits. The switching regulator control 
circuits develop and control the drive supplied to the switching regulator. These 
circuits consist of an oscillator pulse width modulator, toggle flip-flop, feed 
forward and feedback voltage sensors, and a driver circuit. They appear in the 
control card schematic diagram, number 7119455, and are shown in the simplified 
block diagram, figure 3-55. 

3-175. The oscillator is composed of cross-coupled one-shot circuits A6U1A and 
A6U1B. It produces a 22 KHz single-phase square wave output. The oscillator 
waveform is shown in figure 3-56. The oscillator output appearing at A6U1B-Pin 9 
is applied to toggle flip-flop A6U8-Pin 12 and from A6U1B-Pin 16 to pulse width 
modulator A6U7-Pin 16. J-K toggle flip-flop A6U8 converts the single phase oscil¬ 
lator signal to a two-phase signal for the pulse width modulator control circuit 
and the switching regulator driver. The toggle flip-flop outputs appearing at 
A6U8-Pins 6 and 8 are applied to pulse width modulator A6U9-Pins 4 and 9. 

3-176. Voltage comparator A6U6 provides feedback voltage regulation which corrects 
for dc-dc converter output voltage errors. The comparator senses voltage errors 
on the +20 Vdc operating bus and responds by providing a correction voltage to 
A6U1A-B to increase or decrease the oscillator frequency. A6U6 samples the +120 
Vdc bus via the voltage divider comprised of A6R23-R39-R31, and output voltage 
control potentiometer A6R38. The voltage sample is compared with an internally 
developed reference voltage, with the resultant error voltage supplied to the 
oscillator as a frequency control bias voltage. This voltage appears at A6U6- 
Pin 10 and is applied to the oscillator via A6CR19 and A6R2. 

3-177. A pulse width modulator circuit provides feed-forward regulation that 
corrects for input voltage errors. It consists of pulse width modulator control 
one-shot A6U7 and pulse-width modulator gate A6U9. A voltage sample from the 
+150 Vdc switching regulator input is dropped to a lower level by resistors A6R1 
and R5 and zener diode A6CR9, and is applied as a control bias to one-shot A6U7- 
Pin 14. Variations in the sampled voltage cause corresponding variations in the 
width of the output pulse produced by A6U7. This variable width pulse is applied 
to pulse width modulator gate A6U9-Pins 5 and 10, where it is "anded" with the 
constant pulse width oscillator signal to produce the pulse-width modulated output. 
Figure 3-57 shows the pulse width modulator waveform. The A6U9 output can also 
be inhibited by an overcurrent or overvoltage shut-down signal as explained in 
paragraphs 3-185 and 3-186. 

3-178. The pulse width modulator applies an alternating base drive to switching 
regulator driver transistors A6Q3 and Q5 via current limiting resistors A6R25 


3-124 



3-125 


FEEDBACK VOLTAGE SAMPLE 


FROM 20 VOLT 
OPERATING 


UNREGULATED 
♦150 VDC 


SWITCHING 

REGULATOR 

A7Q1 



FREQUENCY >^22KHZ 
3 VOLT SINGLE 
PHASE OUTPUT 


♦ I SO V DC 

FEED-FORWARD VOLTAGE 
SAMPLE FROM SWITCHING 
REGULATOR OUTPUT 


COIMUTAT 

DIODE 


REGULATED+90 VDC 
TO CHOPPER 


FOLDBACK CURRENT 
LIMITING SIGNAL 


Figure 3-55. Switching Regulator Simplified Block Diagram 




NOTE: NOMINAL OSCILLATOR FREQUENCY IS 22 KHz MEASURED AT CIRCUIT 
A6U1B-PIN 10. 

Figure 3-56. Switching Regulator Oscillator Waveform 


and R34. Q6Q3 and Q5 are coupled to the base of switching regulator transistor 
A7Q1 (schematic diagram 710840) via transformer A6T2. Figure 3-58 shows the wave¬ 
form of this base drive current. 

3-179. Series-pass transistor A7Q1 functions as a switching mode voltage regulator. 
The signal driving it is both pulse width modulated and varied in frequency to con¬ 
trol its duty cycle. The +150 Vdc output from the prime power rectifier is applied 
to the collector and a regulated dc output of approximately +90 volts is derived 
from the emitter. An inductor-capacitor averaging filter consisting of choke LI 
and capacitors A1C2 and A1C3 follows the transistor to filter the dc output. 
Commutating diode A7CR5, connected across the transistor emitter, bypasses negative 
voltage excursions occuring during transistor off times as a result of the action 
of choke LI. 

3-180. DC to DC Converter. A dc to dc converter produces the power supply output 
voltages from the regulated +90 Vdc. The converter consists of an oscillator- 
driver (chopper) circuit, a transformer, and output rectifiers and filters. 

3-181. The converter drive signal is developed by an 11 KHz oscillator comprised 
of cross-coupled one-shots A6U2A and A2B, shown in schematic diagram 7119455, and 
in the simplified block diagram, figure 3-59. The oscillator output has a waveform 
as shown in figure 3-60. It is applied to J-K flip-flop A6U3-Pin 12, which toggles 
to convert the single-phase oscillator output to a two-phase output appearing at 
pins 6 and 8. The output from the J-K flip-flop drives shut-down control Gate A6U4, 
which inhibits the converter drive signal during an overcurrent or overvoltage 



NOTES: 


NORMAL DUTY CYCLE IS ^60% 

AN INCREASE IN SUPPLY LOAD 
CAUSES WIDTH OF "ON” TIME 




k 


SEE NOTE 2 



1) PULSES ARE MEASURED AT PULSE WIDTH CONTROL GATES, PINS 6 AND 8 OF 
INTEGRATED CIRCUIT A6U9. 

2) OPERATING FREQUENCY UNDER NORMAL LOAD IS APPROXIMATELY 22 KHz. 

3) WAVEFORMS FOR BOTH PHASES SHOULD BE NEARLY SYMMETRICAL IN BOTH 
AMPLITUDE AND WIDTH. 


Figure 3-57. Pulse Width Modulator Voltage Waveform 
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NOTE: THE WAVEFORM IS MEASURED AT THE BASE OF A7Q1 WITH A CURRENT PROBE. THE 
DUTY CYCLE UNDER NORMAL LOAD IS APPROXIMATELY 60%. 


Figure 3-58. Switching Regulator Base Drive Current Waveform 


condition, as explained in paragraphs 3-185 and 3-186. The A6U4 output, pins 6 
and 8, is applied to the bases of chopper driver transistors A6Q1 and Q2 via 
resistors A6R7 and R13. The chopper driver transistors provide the alternating 
drive signals to chopper transistors A7Q5 and Q6 via transformer A6T1. Figure 
3-61 shows the chopper transistor collector voltage waveform. 

3-182. The nominal +90 Vdc output from the switching regulator is changed to an 
alternating voltage via the chopper circuit. This enables voltage conversion via 
a transformer and provides isolation from the ac power source. Referring to 
schematic diagram number 7101840, the dc input is switched via transistor pair 
A7Q5-A7Q6 which are coupled in push-pull parallel to the primaries of transformers 
A5T1 and A5T2. The alternating drive signals applied to the bases of the transistors 
are constant in both frequency and pulse width and provide 100% duty cycle oper¬ 
ation. An emitter resistor, A4R1, is used with the transistor pair to balance the 
transistor currents and provide a means of detecting overcurrents by sensing the 
voltage drop across the resistor. The output voltages are determined by the 
transformer primary-to-secondary turns ratios. Each output voltage from the chopper 
transformer secondaries is full-wave rectified and the resulting dc filtered by an 
inductor-capacitor averaging filter. As a typical example, the +5 Vdc memory 
output, schematic diagram 7101840, is produced from secondary windings A5B8-C5-B14 
and rectified by A7CR8 and CR9, then is filtered by series inductor A2L2 and shunt 
capacitors A2C5 through C8. After filtering, the dc voltage outputs are supplied 
to the DPS logic and memory circuits. 
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Figure 3-59. Converter Oscillator-Driver and Chopper Circuit Simplified Block Diagram 







SEE NOTE 


NOTE: WAVEFORM MEASURES AT A6U2B, PIN 9. FREQUENCY IS ^ 11 KHz. 



NOTE: WAVEFORM MEASURED AT COLLECTORS OF TRANSISTORS A7Q3 AND A7Q5. NOMINAL 
FREQUENCY IS 11 KHz. 


Figure 3-61. Chopper Transistor Voltage Waveform 
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3-183. Overcurrent/Overvoltage Sensors. The overcurrent/overvoltage sensors 
consist of a foldback current limiting circuit, an overcurrent shut-down circuit 
and an overvoltage shut-down circuit. These circuits appear in the control card 
schematic diagram number 7119455. 

3-184. The foldback current limiting circuit limits the maximum inrush current 
through the switching regulator during start-up. Figure 3-62 shows the typical 
starting current ramp and resulting overshoot when power is initially applied and 
the foldback circuit is operating. The voltage developed across chopper tran¬ 
sistor emitter resistor A4R1 (schematic diagram 7101840) is applied to pins 4 and 6 
of comparator A6U10 on the control card (schematic diagram 7119455). A6U10 is con¬ 

nected to operate as a trigger, and when the applied voltage reaches a critical 
value, approximating a 50% overload, the output appearing at pin 9 switches from 
a low to a high level. This signal is applied to inverter A6U11. The output of 
A6U11 at pin 8 is then low, and is applied to pulse width modulator A6U7-Pin 13 
as an inhibit signal. Thus, the pulse width modulator is alternately inhibited 
and released during the starting phase to limit the duty cycle of the switching 
regulator until the chopper current requirement stabilizes. 


MAXIMUM 



^-0.5 SEC 


NOTE: CURRENT MEASURED WITH CURRENT PROBE AT COLLECTOR OF SWITCHING REGULATOR 
TRANSISTOR A7Q1. 


Figure 3-62. Input Starting Current Ramp 




3-185. An overcurrent circuit operates to shut down the power supply by inhibiting 
chopper and switching regulator drive signals if the supply load exceeds approxi¬ 
mately 200% of maximum rates value. The overcurrent condition is detected by a 
sense line monitoring the net average of chopper transistor collector voltages 
at the junction of resistors A6R15 and A6R79. If the chopper circuit is overloaded, 
these voltages will become unbalanced, due to one or the other chopper transistor 
dropping out of saturated operation. When the overload is sufficient to cause 
this voltage to rise approximately 8 volts, the voltage rise on the sense line will 
set flip-flop A6Q7-Q8 via zener diode A6CR33 and the base of A6Q7. The flip-flop 
output then appears as a low at pins 2 and 12 of pulse width modulator control 
gate A6U9 and pins 5 and 10 of chopper circuit shutdown control gate A6U4. With 
these gates inhibited, drive signals are effectively removed from the switching 
regulator and chopper circuit, thus stopping power supply operation. The flip-flop 
will remain set until input power is temporarily removed, permitting it to reset. 

3-186. An overvoltage sensing circuit utilizing zener diode A6CR25 monitors the 
+90 Vdc switching regulator output and causes flip-flop A6Q7-Q8 to set if this 
voltage rises to a value between 105 and 115 volts, due to a long-term input power 
transient. The effect of setting the flip-flop is identical to that described 
for an overcurrent condition, paragraph 3-185. 

3-187. Power Interrupt Generator. A power interrupt generator samples the +150 
Vdc input voltage bus and generates a power interrupt signal if the voltage falls 
to approximately +97 Vdc. This signal warns the processor of an incipient power 
failure. The circuit, shown in schematic diagram 7119455, is comprised of voltage 
comparator A6U12, solid-state relay A6F1, and a driver transistor contained in 
circuit A6Q9. A voltage sample from the +150 Vdc bus is applied to pin 5 of A6U12 
via the wiper arm of adjustment potentiometer A6R55. The circuit output drives 
solid-state relay A6K1. The relay output drives the output transistor contained 
in A6Q9, pins 8, 9, 10. The output signal is normally high (+5 volts) and switches 
low (+0.25 volts) when active. 

3-188. Master Clear Generator. The master clear generator, shown in schematic 
diagram 7119455, senses the +5 Vdc supply output and generates a master clear signal 
if this output falls to +4.7 Vdc or less. A voltage sample from the +5 Vdc bus is 
applied to voltage sensor circuit A6U13-Pin 5 via the wiper arm of adjustment po¬ 
tentiometer A6R59. When the voltage drops below the set tolerance the circuit 
output, pin 3, drives a dc-coupled transistor pair, circuit A6Q9-Pins 1, 2, 3, and 
5, 6, 7, which provides the master clear output signal. The signal is normally 
high and switches low in the active state. 

3-189. 15 Vdc Regulator. The +15 Vdc Memory voltage is regulated within + 2% by 

a linear series-pass regulator. The regulator consists of sensor-comparator cir¬ 
cuit A6U5, schematic diagram 7119455, and series-pass control transistors A7Q3 and 
Q4, schematic diagram 7101840. Circuit A6U5 compares a sample of the +15 volt 
output with an internal reference voltage and provides an analog control signal 
at pin 10 which drives the bases of A7Q3 and Q4. The control signal varies in 
response to output voltage errors. The regulated output appears at the emitters 
of A7Q3 and Q4. An external sense line connected to A6U5-Pin 4 via A6R30 and ad¬ 
justment potentiometer A6R29 permits the regulator to compensate for temperature 
within the core memory via a thermistor located in the core memory stack. 

3-190. POWER DISTRIBUTION. The power distribution schematic diagram, figures 
000A and B in Chapter 9,shows ac and dc power routing within the DPS and provides 
terminal, switch, indicator and relay connection data. 
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3-191. OPERATIONAL DESCRIPTION. 


3-192. The following paragraphs are an operational description of the DPS. The 
description covers the joint operation of the hardware and firmware (microprogram). 
The DPS has a master clock that provides two pulses: a phase early (0 e ) and a 
phase normal (0 n ) pulse. These two timing pulses and the program of micro instruc¬ 
tions are used to execute macroinstructions and to process I/O transfers and inter¬ 
rupts. The micro program consists of many short subroutines that provide control 
to execute each macroinstruction or control function. Thus, the micro program 
replaces hardware generated timing sequences and discrete control signals. The 
following paragraphs describe the basic sequences, 

3-193. MACROINSTRUCTION EMULATION. The macroinstruction emulation sequence is the 
basic sequence that determines the operation to be performed next. Figure 3-63 is 
a flowchart of the macroinstruction emulation sequence. This sequence starts with 
an Emulate Start microinstruction. (Most micro program subroutines end with this 
instruction, thus returning to this sequence.) At this time, I/O requests and 
micro interrupt requests are honored in priority order. If a request is present, 
a hardware generated address is loaded into the micro P register to branch to an I/O 
transfer or micro interrupt subroutine (see table 3-33). (The I/O transfer sequence 
is described in paragraph 3-194 and micro interrupt sequence is described in para¬ 
graph 3-197.) When a request is not present, the next step is to check the Next 
Instruction Resident (NIR) bit. NIR indicates that a memory request for the next 
macroinstruction had been made previously. If NIR is not set, a memory request 
is initiated to fetch the next instruction. Hardware generated address 274g is 
loaded into the micro P register to branch to the instruction read subroutine. The 
first microinstruction of the subroutine transfers the contents of the memory data 
register (MDR) to the instruction register (IR), however, if the "Data Available” 
signal has not been received from memory, the master clock is stopped until the 
signal is received. (The master clock is disabled when there is a memory reference 
and the S-field bits 0 and 1 equal 11 2 .) In this case, the source was MDR (S = 0011). 
After the signal is received, the instruction is gated into IR. The next micro¬ 
instruction in the subroutine is an Emulate Branch 1. I/O requests present at this 
time will be honored. With no I/O request present, the emulator control word (ECW) 
bits 9 through 12 are interrogated. If ECW I (bit 11) equals 1, a hardware gener¬ 
ated address is loaded into the micro P register to branch to an Interim sequence 

(see table 3-34). The Interim sequence is used for instructions with RK or RX 

formats. The end result of the Interim sequence is to place the operand in A6. 

The Interim sequence ends with an Emulate Branch 2 microinstruction. I/O requests 
present at this time will be honored. When no I/O request is present, ECW is checked 
for overlap (ECW bit 10 = 1 and bit 12 = 0) and unary (ECW bit 9=0 and bit 12 = 0). 
If overlap, a memory request is initiated to fetch the next instruction. If unary 
instruction, the ECW pointer is modified by the m-field. The ECW pointer (bits 0-0) 
and IR bit 15 are gated to the micro P register to branch to the macroinstruction 
subroutine. IR bit 15 increases the pointer addressing capability to 1777g; thus, 
subroutines for instructions 40 through 77 are at micro program addresses above 
lOOOg. If the macroinstruction is illegal, the PROG FAULT indicator is set and the 
Class II interrupt is processed. If Class II interrupts are locked out, the com¬ 
puter is placed in the console mode (Prog Run flip-flop cleared). For legal instruc¬ 
tions, the macroinstruction subroutine is executed. Long subroutines allow I/O 
transfers at specified intervals. The subroutine ends with an Emulate Start micro¬ 
instruction which starts another emulation sequence. 
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Figure 3-63. Macro Instruction Emulation 

















Figure 3-63. Macro Instruction Emulation (Cont) 











Table 3-33. Micro Branch Conditions for Emulate Start Operation 


PRIORITY 

MICRO BRANCH CONDITIONS 

ADDRESS LOADED 
IN MICRO P REG 
(OCTAL) 

NAME OF SUBROUTINE 
ENTERED 

1 

I/O Request 




Output or External Function 

320 

I/O Output Pass Gt 1 


Input or External Interrupt 

300 

I/O Input Pass GT 1 

2 

Return Interrupt 

200 

Return 

3 

Load Interrupt 

204 

Bootstrap Load Switch 
Function 

4 

I/O Chain Interrupt 

210 

Chain Inst Read 

5 

Not Run Interrupt 

214 

Run (BAR) 

6 

Class I or II Interrupt 

220 

Class I or II 

7 

Class III Interrupt 

230 

Class III 

8 

None of the above 

274 

Instruction Read 


Table 3-34. Micro Branch Conditions for Interim Sequences 


INTERIM CONDITIONS 

ADDRESS LOADED 

IN MICRO P REG 
(OCTAL) 

NAME OF SUBROUTINE 
ENTERED 

INDIRECT ADDRESSING.BYTE-MODIFY 

340 

Indirect Byte Modify 

INDIRECT ADDRESSING-BYTE-MODIFY 

344 

Indirect Byte No Mod 

. INDIRECT ADDRESSING-BYTE-MODIFY 

350 

Indirect Word Modify 

INDIRECT ADDRESSING-BYTE-MODIFY 

354 

Indirect Word No Mod 

INDIRECT ADDRESSING-BYTE-MODIFY 

360 

Normal Byte Modify 

INDIRECT ADDRESSING-BYTE-MODIFY 

364 

Normal Byte No Mod 

INDIRECT ADDRESSING-BYTE-MODIFY 

370 

Normal Word Modify 

INDIRECT ADDRESSING-BYTE'MODIFY 

374 

Normal Word No Mod 
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3-194. I/O TRANSFERS. I/O transfers can occur between macroinstruction execution 
ojr can interrupt macroinstruction execution at specified intervals. The two types 
c/f transfers are described in the following paragraphs. 

3-195. I/O Transfers Between Macroinstructions. Figure 3-64 is a flowchart of 
the I/O transfer that occurs between macroinstruction execution. The transfer is 
started by an Emulate Start microinstruction and an I/O request. A memory request 
is initiated to store the word available from the IOC (input) or to read a word for 
the IOC (output) and a hardware generated address is loaded into the micro P regis¬ 
ter to branch to an input or output subroutine. The micro address for an output 
(Output Data or External Function) transfer is 320g and for an input (Input Data 
or External Interrupt) transfer is 3008. The DPS stops until the "Data Available" 
signal is received from memory indicating that the data is in the MDR (output) or 
has been stored in memory (input). The subroutine ends with an Emulate Start 
microinstruction to start another emulation sequence (figure 3-63). 

3-196. I/O Transfer That Interrupts A Macroinstruction. Figure 3-65 is a flow¬ 
chart of the I/O transfer that interrupts macroinstruction execution. The I/O 
transfer can interrupt macroinstruction execution when an Emulate Branch 1 or 
Emulate Branch 2 microinstruction occurs in the emulation sequence. When an I/O 
request is present at this time, the return interrupt is set and a micro address 
is hardware generated to branch to an I/O subroutine. For an output, the micro 
address is 330g, and for an input, the micro address is 3l0g. The first micro¬ 
instruction of the subroutine stores the return address in A5. The DPS stops until 
the "Data Available" signal is received from memory indicating that the data is in 
the MDR (output) or has been stored in memory (input). The subroutine ends with an 
Emulate Start microinstruction. If another I/O request is present, the request will 
be serviced as described in paragraph 3-195. When an I/O request is not present, 
a micro interrupt request will be present (return interrupt set at beginning of this 
sequence). Hardware generated micro address 2008 branches to the return interrupt 
subroutine. The return address is transferred from A5 back to the micro P register 
and macroinstruction execution will continue at the point of interruption. 

3-197. MICRO INTERRUPTS. Micro interrupts are scanned when an Emulate Start micro¬ 
instruction is executed and an I/O request is not present. Figure 3-66 is a flow¬ 
chart of the micro interrupt sequence. Each interrupt has its own hardware gener¬ 
ated starting address (see table 3-34). They are honored in the following priority 
order: 

1) Return Interrupt 

2) Load Interrupt 

3) I/O Chain Interrupt 

4) Not Run Interrupt 

5) Class I or II Interrupt 

6) Class III Interrupt 

3-198. The Return Interrupt is set when an I/O request interrupts a micro program 
sequence (see paragraph 3-196). The interrupt returns the MPC to the micro program 
sequence where it was interrupted. 
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Figure 3-65. I/O Transfer That Interrupts A Micro Instruction (Cont) 
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Figure 3-66. Micro Interrupt Sequence (Cont) 


3-144 

























































Figure 3-66. Micro Interrupt Sequence (Cont) 
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Table 3-35. Micro Branch Conditions For General Display 


DSPL NUMBER 

SWITCHES 

3210 

ADDRESS LOADED IN 
MICRO P REG (OCTAL) 

REGISTER OR 

ROUTINE SELECTED 

0000 

2000 

P Reg 

0001 

2004 

Status #1 Reg 

0010 

2010 

Status #2 Reg 

0011 

2014 

RTCL 

0100 

2020 

RTCU 

0101 

2024 

Breakpoint Reg 

0110 

2030 

I/O Control Memory 

0111 

2034 

Page Address Reg 

1000 

2040 

Main Memory (P Reg 
contains address) 

1001 

2044 

Output Data 

1010 

2050 

Monitor Clock 

1111 

2036 

Load pP Reg 


3-199. The Load Interrupt (activated by the LOAD switch) starts the computer 
executing the bootstrap load program stored in NDRO memory. 

3-200. The I/O Chain Interrupt executes a macroinstruction in the I/O chain and 
updates the chain address pointer. 

3-201. The Not Run Interrupt places the DPS in the console mode. This allows 
the operator to monitor or change the contents of registers from the panel. 

3-202. The Class I, II, and III Interrupts are macro interrupts (see paragraph 
3-58). The micro program subroutine stores the contents of the P, Status Register 
#1, Status Register #2, RTCL, and RTCU registers in the assigned main memory 
locations (see Appendix D) and loads the P, Status Number 1, and Status Number 2 
registers. The P register contains the starting address of the interrupt sub¬ 
routine stored in main memory. 

3-203. LOGIC DEVICE DESCRIPTIONS 

3-204. Appendix E describes the logic devices used on the logic and memory circuit 
cards in the DPS. In most cases, the logic devices are contained in dual-in-iine 
packages (Dip's). The descriptions of these devices are a valuable aid in under¬ 
standing the logic schematic diagrams of Chapter 9 (Volume II) on which these logic 
devices appear in symbolic form. 
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CHAPTER 4 


PREVENTIVE MAINTENANCE 


4-1. INTRODUCTION . 

4-2. Preventive maintenance (PM) encompasses the procedures to be followed by DPS 
operators or maintenance personnel to keep the equipment in optimum operating con¬ 
dition and to prevent a decline of productive use. Table 4-1 provides an index to 
the DPS PM procedures, which consist mainly of cleaning, of switch and indicator 
checks, and of performing a diagnostic/confidence test program. The PM procedures 
should be performed by a Data Systems Technician Second Class or equivalent. The 
procedures should be performed at regularly scheduled intervals; the frequency of 
the intervals may vary dependent on the operating schedules necessary to meet pro¬ 
ductive requirements. Where the DPS operates continuously, operation should be 
discontinued at least once a week for PM. Where DPS operation is on a daily on/off 
basis, the diagnostic program or other test program should be run daily as a con¬ 
fidence check; the other PM procedures should be performed as scheduled. The 
diagnostic test program is documented in Volume 3 (Chapter 10)* of this technical 
manual. If the diagnostic test program is not available, the Factory Acceptance 
Test or similar confidence test program may be used. The scheduled maintenance 
instructions in this manual are cancelled when the Planned Maintenance System (PMS) 
is implemented for this equipment aboard your ship or station. 


*Not available at time of this publication. 


Table 4-1. Preventive Maintenance Index 


PERIODICITY 

MAINTENANCE ACTION 

REFERENCE 

MR* 

Clean Air Filter 

Paragraph 4-4 

SR* 

Clean Cabinet 

Paragraph 4-5 

M 

Test Indicators 

Paragraph 4-6 

DR** 

Run Confidence Test 

Paragraph 4-7 


D = Daily 
W = Weekly 
M = Monthly 
Q = Quarterly (3 mo.) 

S = Semiannually (6 mo.) 
A = Annually (12 mo.) 

R = As specified 


*More or less often depending on environmental conditions. 
**May be less often, if required by system operating schedules. 
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4-3. 


PREVENTIVE MAINTENANCE PROCEDURES. 


4-4. AIR FILTER CLEANING. The front panel air filter is the only item that 
requires regular attention. It should be cleaned monthly or when necessary by 
vacuum cleaning or washing in a soap or detergent solution. To remove and clean 
the air filter, use the following procedure. See figure 4-1. 

1. Ensure power is turned off. 

2. Remove eight front panel retaining screws (Figure 4-1), using a 5/32 inch 
Allen wrench. 

3. Swing front panel open. 

4. Remove two filter retaining screws (Figure 4-2), using screwdriver. 

5. Vacuum the filter. If filter is to be washed: 

a. Clean filter thoroughly in hot, soapy water. 

b. Rinse, wipe with clean cloth, and vacuum dry. 

6. Replace filter and filter retaining screws. 

7. Swing the front panel closed. 

8. Replace the eight front panel retaining screws. 

4-5. CABINET CLEANING. Semiannually, or as required, the cabinet should be 
cleaned and visually inspected. See Figure 4-2. Electrical checks and adjustments, 
if required, can also be made at this time. 

CAUTION 

Use of forced air for cleaning is not recommended, since it may force 
dirt particles into critical areas. Use care not to damage or disturb 
wiring or components. 

1. Ensure power is turned off and power cable disconnected. 

2. Open the front panel of the DPS as listed in steps 2 through 3 of paragraph 
4-4. 

3. Using a soft bristle brush and a vacuum cleaner, clean the inside of the 
front panel door and the exposed side of the memory drawer. 

4. With Phillips screwdriver, disengage four quick-release memory chassis 
fasteners. Pull out the memory chassis assembly and swing it open to the left. 
Vacuum the memory chassis. 

5. Remove the power supply, following the removal procedure listed in Chapter 6. 

6. Vacuum the cabinet space used by the power supply, the power supply itself, 
and the front of the individual circuit card modules, being careful not to damage 
components. 
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7. Vacuum off the exhaust vent filters. 

8. Visually inspect electrical components for discoloration and evidence of 
overheating. 

9. Check terminal connections for security and insulation for cracks or 
deterioration. 

10. Make necessary corrections for any defects discovered in the foregoing 
inspections. 

11. Replace the power supply per procedure in Chapter 6. 

12. If power supply voltages are to be checked, follow procedure in Chapter 5. 

13. Replace and fasten the memory drawer. 

14. Close and fasten front panel. 

15. Replace power cable and apply power. 

4-6. CONTROL AND MAINTENANCE PANEL INDICATORS. Table 4-2 provides a list of 
the DPS indicators and a method of testing them. See Figures 2-1 and 2-2. 


Table 4-2. Control and Maintenance Panel Indicators 


PANEL 

IDENTIFICATION 

FUNCTION 

- —— - - — --— 

TEST 

Control 

BLOWER POWER 
Indicator 

When lit, indicates 
blower power is applied 
and enabled. 

Ensure power cable is con¬ 
nected and CIRCUIT BREAKER 
is ON. Place BLOWER POWER 
switch in ON position. 

Control 

LOGIC POWER 
Indicator 

When lit, indicates 
logic power is applied 
and enabled. 

Ensure power cable is con¬ 
nected, CIRCUIT BREAKER is 

ON, and BLOWER POWER is ON. 
Place LOGIC POWER switch in 

ON position. 

Control 

POWER FAULT 
Indicator 

When lit, indicates a 
Power Fault Interrupt 
has occurred. Cleared 
by POWER FAULT CLR 
switch in CLR position. 

See figure 4-3 for test set¬ 
up. Reduce input voltage 
until FAULT indicator lights. 
Return voltage to correct 
level and clear fault. 

Control 

PROGRAM FAULT 
Indicator 

When lit, indicates 
the DPS has attempted 
to execute an illegal 
instruction. Cleared 
by PROGRAM FAULT CLR 
switch in CLR po¬ 
sition. 

Refer to Chapter 2, Operation, 
and manually set in and 
execute an illegal instruc¬ 
tion. Then clear the indi¬ 
cator. 
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Table 4-2. Control and Maintenance Panel Indicators (Cont) 


PANEL 

IDENTIFICATION 

FUNCTION 

TEST 

CONTROL 

PROG RUN 
Indicator 

When lit, indicates DPS 
is executing instruc¬ 
tions in RUN mode. 

Refer to Chapter 2 and start 
DPS executing instructions in 
RUN mode. 

Control 

OVERTEMP 

Indicator 

When lit, indicates DPS 
internal cabinet air 
temperature is within 
25°F of the maximum 
temperature at which 
the DPS can operate 
without component 
damage. 

Place the ALARM ENABLE/DISABLE, 
TEST switch in the TEST po¬ 
sition. OVER TEMP indicator 
lights and ALARM sounds. 

Control 

l 

ALARM (Audible) 
Indicator 

When sounding (ALARM 
ENABLE/DISABLE/TEST 
switch in ENABLE 
position), indicates 

DPS internal cabinet 
air temperature is 
within 25°F of the 
maximum temperature 
at which the DPS can 
operate without com¬ 
ponent damage. 

Place the ALARM ENABLE/DISABLE, 
TEST switch in the TEST po¬ 
sition. ALARM sounds and OVER 
TEMP indicator lights. 

Control 

BATTLE SHORT 
Indicator 

When lit indicates 

BATTLE SHORT switch is 
in the ON position 
(which disables DPS 
overtemperature shut¬ 
down function). 

Place BATTLE SHORT ON/OFF 
switch in ON position. 

Maint. 

PROG RUN 

Indicator-switch 

When lit, indicates 
the DPS is executing 
instructions in the 

RUN mode. 

Refer to Chapter 2 and start 
DPS executing instructions 
in the RUN mode. 

Maint. 

POWER FAULT 
Indicator-switch 

When lit, indicates a 
Power Fault Interrupt 
has occurred. Press¬ 
ing the indicator-switch 
clears the POWER FAULT 
indicator. 

See figure 4-3 for test setup. 
Reduce input voltage until 
indicator lights. Return 
voltage to correct level and 
clear fault. 

Maint. 

PROG FAULT 
Indicator-switch 

When lit, indicates the 
DPS has attempted to 
execute an illegal in¬ 
struction. Pressing 
the indicator-switch 
clears the PROG FAULT 
indicator. 

Refer to Chapter 2, Operating 
Instructions and manually set 
up and execute an illegal 
instruction. 
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Table 4-2. Control and Maintenance Panel Indicators (Cont) 


PANEL 

IDENTIFICATION 

--- 

FUNCTION 

TEST 

Maint. 

PROGRAM STOP 

When lit, indicates a 

Refer to Chapter 2, Operation, 


Indicator 

program stop condition 
has been satisfied. 

to set up a program stop. 

Maint. 

Time Meter 

Indicates time in 
hours that DPS logic 
power has been applied 
and enabled. 

Apply logic power and observe 
that meter advances. 

Maint. 

MICRO STEP MODE 

When lit indicates DPS 

Activate MICRO STEP switch. 


Indicator-switch 

is in Micro Step mode. 
Pressing indicator 
switch places DPS in 
Micro Step mode. 

To clear Micro Step mode 
activate DISPLAY SELECT CLR 
switch. 

Maint. 

OP STEP MODE 

When lit, indicates DPS 

Activate OP STEP switch to 


Indicator-switch 

is in Op Step mode or 
in Micro Step mode to 
execute a single in¬ 
struction. 

clear RUN mode and place DPS 
in Op Step mode. 

Maint. 

RUN MODE 

When lit, indicates DPS 

Activate RUN MODE switch to 


Indicator-switch 

is in Run mode or in 
Micro Step mode to 
execute successive in¬ 
structions . 

clear Op Step mode and enable 

Run mode. 

Maint. 

REGISTER/DATA 

When lit, displays con¬ 

Set ALTER MODE SET/CLEAR 


0-15 

tents of selected 

switch in SET position and 


Indicator- 

switches 

register. 

press REGISTER/DATA SET/CLR 
switch. To clear, set ALTER 
MODE SET/CLEAR switch in CLEAR 
position and press REGISTER/ 

DATA SET/CLR switch. 

Maint. 

DISPLAY SELECT 

When lit, as specified 

Refer to Table 2-3. Operation 


MICRO ADRS 

in Table 2-3, indicate 

of any one of MICRO ADRS, 


MICRO INSTR 

REGISTER/DATA is dis¬ 

MICRO INSTR, or NORMAL DSPL 


NORMAL DSPL 

playing the corres¬ 
ponding register. 

causes the other two to clear. 


INSTR REG 

When lit, as specified 

Refer to Table 2-3. Operation 


GENL DSPL 

in Table 2-3, indicate 

of any one of INSTR REG, GENL 


GENL REG 

REGISTER/DATA is dis¬ 
playing the correspond¬ 
ing register. 

DSPL, or GENL REG causes the 
other two to clear. 


DISPLAY NUMBER 

When operated as speci¬ 

Press DISPLAY NUMBER indicator.- 


0-3 Indicator- 

fied in Table 2-3 these 

switches 0-3. Observe that 


switches 

switches cause REGISTER/ 
DATA to display the 
corresponding register 
contents. 

they light. Press DISPLAY 
SELECT CLR switch. Observe 
that indicators extinguish. 
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*Ensure the correct voltage and frequency are used for the equipment under test. 

Figure 4-3. Power Interrupt (Fault) Test Setup 


4-7. CONFIDENCE TEST. The diagnostic test program, documented in Volume 3 (Chapter 
10), should be run daily, or as often as practical under the processing schedules, 
as a performance test, to give confidence that the DPS is performing correctly. 

This is the only performance test required for the DPS. It attempts to exercise 
and test every DPS circuit and the micro control program, and to diagnose any 
failure it detects. If the diagnostic test program is not available,* the Factory 
Acceptance Test or similar program should be used; this will detect malfunctions, 
but not diagnose them. The recommended procedure is to load and run the program at 
the end of a computing day, and to run it again immediately after turning on the DPS 
at the beginning of the next computing day. 


*Not available at time of this publication. 




CHAPTER 5 


TROUBLESHOOTING 


5-1. INTRODUCTION. 


5-2. Troubleshooting information and procedures for the DPS are based primarily on 
the assumption that most malfunctions will be detailed and isolated through use of 
the diagnostic test program* documented in Volume 3 (Chapter 10) of this technical 
manual . 


5-3. DIAGNOSTIC TEST PROGRAM. The diagnostic test is to be run regularly as part 
of the normal preventive maintenance procedures; it should also be run as the pri¬ 
mary troubleshooting tool whenever a malfunction is suspected or has been detected 
by some other means. The DPS has three built-in fault detectors; overtemperature, 
power out of tolerance, and program fault. Most faults, however, are first detected 
by the diagnostic or other test program, and the procedures that are included in the 
program documentation lead to isolation of the faulty circuit card or component. 

5-4. MANUAL TROUBLESHOOTING. In some cases, where the nature of the fault is such 
that it prevents the loading of the diagnostic test program or prevents the DPS 
from successfully diagnosing itself, troubleshooting must be done manually. In 
many cases, manual diagnosis can be performed by replacing circuit cards in the 
suspected area with spare cards until the symptom disappears, or shifting multiple 
usage cards from one location to another to see if the symptom shifts. Table 5-1 
is a list of the multiple usage cards. 

5-5. Sometimes it may be necessary to troubleshoot manually by stepping through 
instructions in Op Step or Micro Step mode, observing the contents of displayed 
registers or observing the status of individual signals on an oscilloscope, and 
logically troubleshooting with the aid of the logic schematic diagrams in Volume 2 
(Chapter 9) and the microprogram listing in Appendix C. The outer edge of all 
logic circuit cards contains test points, where the major signals in that card 
are available for checking. These test points are accessible with the maintenance 
panel door and the memory chassis swung open. 

5-6. TROUBLESHOOTING AIDS. Additional troubleshooting aids provided in this 
chapter are the Troubleshooting Index, the Lamp and Relay Indexes, and the Protective 
Device Index, Tables 5-2 through 5-5, respectively. 

CAUTION 

Turn power off before removing or replacing circuit cards. 

5-7. MAINTENANCE TURN-ON. No special turn-on procedures are required for mainte¬ 
nance purposes. Follow the procedures given with the diagnostic test program in 
Chapter 10 (Volume 3) or the operating procedures in Chapter 2. 


* Not available at time of this publication. 
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Table 5-1. Multiple-Usage Circuit Cards* 


CARD NO. 

TITLE 

LOCATIONS 

7092175 

ALU 

Bll-14 

7092185 

MICRO REG 

A3-5 

7125306 

I/O CONT MEM 

A20-23 

7125311 

P, BKPT, MAR 

C5-6 

7125380 

STATUS REG 

C13-14 

7125500 

SHFT MTRX 

A9-10 

7126125 

TWO BIT MULTIPLY 

A7-8 

7126155 

MEM IN1RFC 

C3-4 


*The IOC has additional multiply usage cards if it has several groups of channels 
with identical interfaces. 


Table 5-2. Troubleshooting Index 


Functional Area 

Troubleshooting 

Paragraph 

Troubleshooting 

Diagram 

Functional 

Description 

Paragraph 

Blowers 

5-13 

Figure 9-OOOB 

N/A 

Heat Sensors 

5-14 

Figure 9-OOOB 

N/A 

IOC 

5-3 through 5-5 
and 5-16 

Figure 9-200 
through 9-407. 
Chapter 10 

3-119 through 
3-165 

Logic (MPC and 
Processor) 

5-3 through 5-5 

Figure 9-001 
through 9-115. 
Chapter 10 

3-20 through 
3-77, and 

3-191 

Memory 

5-15 

Chapter 9, 
diagram 7101751- 
399 through -461 

3-78 through 
3-118 

Panels 

5-12 

Figure 9-OOOC 

2-3 through 

2-6 

Power 

5-9 through 5-11 

Chapter 9, 

Figure 9-000A 
and B 

7101840 

7101875 

7101880 

7101885 

7101990 

1701995 

7119455 

i 

3-166 through 
3-190 
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Table 5-3. Relay Index (See Paragraph 5- 


Reference 

Description 

Functional Name 

Engineering 

Voltage 

Figure 

Number 

A2K1 

Power Supply Energizing Relay 

115 Vac or 

240 Vac 

9-000A 


Table 5-4. Lamp Index (See Paragraph 5- 


Reference 

Description 

Functional Name 

Type 

Engineering 

Voltage 

Figure 

Number 

A1DS1 

Battle Short On 

Neon 

115 Vac 

9-OOOA 

A1DS2 

Temperature Warning 

Neon 

115 Vac 

9-OOOA 

A IDS 3 

Program Run 

LED 

+ 5 Vdc 

9-000C 

A IDS 4 

Program Fault 

LED 

+ 5 Vdc 

9-OOOC 

A IDS 5 

Power Fault 

LED 

+5 Vdc 

9-000C 

A1DS6 

Logic Power 

Incand. 

+5 Vdc 

9-OOOC 

A IDS7 

Blower On 

Neon 

115 Vac 

9-OOOA 

A2DS1 

Prog Stop 

LED 

+5 Vdc 

9-OOOC 

A2DS2 

Display Bit 00 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS3 

Display Bit 01 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS4 

Display Bit 02 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS5 

Display Bit 03 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS6 

Display Bit 04 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS7 

Display Bit 05 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS8 

Display Bit 06 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS9 

Display Bit 07 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS10 

Display Bit 08 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS11 

Display Bit 09 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS12 

Display Bit 10 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS13 

Display Bit 11 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS14 

Display Bit 12 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS15 

Display Bit 13 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS16 

Display Bit 14 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS17 

Display Bit 15 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS18 

Program Fault 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS19 

Power Fault 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS20 

Program Run 

LED I/S. 

+ 5 Vdc 

9-OOOC 

A2DS22 

Display Select 00 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS23 

Display Select 01 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS24 

Display Select 02 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS25 

Display Select 03 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS26 

General Register 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS27 

General Display 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS28 

Instruction Register 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS29 

Normal Display 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS30 

Micro Instruction 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS31 

Micro Address 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS35 

Run Mode 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS36 

Op Step Mode 

LED I/S. 

+5 Vdc 

9-OOOC 

A2DS37 

Micro Step Mode 

LED I/S. 

+5 Vdc 

9-OOOC 


5-3 


















Table 5-5. Protective Device Index (See Paragraph 5- ) 


Reference 

Description 

Front Panel 
Marking 

Rating 

Circuit Protected 

Figure 

Number 

Volts 

AMPS 

A1CB1 

Circuit Breaker 



AC Blowers, Alarm 
Buzzer, Running 

Time Meter, and 
Power Supply 

9-OOOA 


5-8. TROUBLESHOOTING PROCEDURES. 

5-9. POWER. When troubleshooting the power circuits, check all primary power lines, 
switches and other circuit elements to determine whether the source of trouble is in 
the power distribution system or in the power supply itself. 

5-10. Power Supply. If the power supply is suspected, use the voltage and test 
point data given in table 5-6 to check for proper operation. In the event the power 
supply is found defective, it must be exchanged with a replacement unit and returned 
to the factory, since it is not a field repairable item. 

5-11. Power Distribution. If ac power is not being delivered correctly to the 
power supply, or if the power supply is operating correctly but dc power does not 
reach its destination, use figures 9-OOOA and B to check the ac and dc power 
distribution. 

5-12. PANELS. Panel functions are normally tested and diagnosed as part of the 
regular running of the diagnostic test program*. If an individual switch or indi¬ 
cator is suspected, check its operation while measuring the voltage across its 
terminals with a multimeter of oscilloscope. The maintenance panel is hinged at 
the bottom and held by five screws. Opening it provides access to its wiring and 
the control panel wiring. Control and maintenance panel wiring appears on figure 
9-OOOC. 


5-13. BLOWERS. If an individual blower stops operating, it may not always cause an 
overtemperature fault, since air will be drawn through its chassis in a reverse 
direction by the two operating blowers. To test blower operation, place hand at 
each of the three air exhaust grilles on the left side of the cabinet to verify that 
air is being exhausted. Or place a sheet of paper in front of each exhaust grille; 
it will be repelled by the air flow from operaing blower and will be drawn against 
the grille by air flowing backward through a non-operating blower. 

5-14. HEAT SENSORS. Each chassis contains two thermostats: SI which in each case, 
is normally open and provides the overtemperature warning; and S2 which, in each 
case, is normally closed, and provides the overtemperature cut-off. Figure 9-000B 
shows the thermostats may be checked with a multimeter at terminal boards on each 
chassis. Refer to table 5-7. 


* Not available at time of this publication. 
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Table 5-6. Power Supply Test Data 


ITEM 

TEST DATA 

AC Input Power 

Refer to power distribution schematic diagrams, figures 

9-OOOA and B for applicable terminals for checking ac input 
power at A2TB1 behind the maintenance panel or PS1TB1 on the 
power supply. 


WARNING 



Dangerous voltages are encountered in this check. 


Voltages should be 115 Vac + T/» 
115 Vac + 5% for 3 phase power, 
line to line and wye inputs line 

for single phase power and 
Delta inputs are measured 
to neutral. 


VOLTAGE/TOLERANCE 

TEST POINT 

Logic Output 
Voltages 

+5 Vdc + 5% Memory 

+5 Vdc + 5% Processor 

PS1-TB4-6 

PS1-E9 


-5 Vdc + 5% 

PS1-TB4-4 


-5.2 Vdc + 5% 

PS1-TB3-3 


+12 Vdc + 5 % 

PS1-TB3-3 


+ 15 Vdc + 2% 

PS1-TB4-2 

! 

-16 Vdc + 5 % 

PS1-TB3-5 


Table 5-7. Thermostat Test Point 


WARNING 


These terminals carry 115 Vac if power is turned on. 


CHASSIS 

OVERTEMP ALARM 

OVERTEMP CUT-OFF 


SI (NO) 

S2 (NC) 

A2 Memory 

TBl-3,4 

TBl-1,2 

A3 CP/IO 

TBl-6,7 

TBl-3,5 

PS1 Power Supply 

TB2-1,2 

TB2-3,5 


5-15. MEMORY. The memory has no test points to facilitate manual testing, because 
it is thoroughly tested and diagnosed by the diagnostic test program, chapter 10, 
and the diagnostic procedures accompanying the program. If the memory is suspected 
and the diagnostic test program does not determine the trouble, it may be tested by 
replacing circuit cards with spares, or by swapping the position of identical cards, 
until the symptom disappears or shifts its position. 
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5-16. INPUT/OUTPUT. Diagnostic testing of the I/O circuits requires a special test 
I/O mode card which is supplied with each DPS. This card must be inserted into the 
DPS in place of the normal operational I/O mode card when running the diagnostic 
tests. Refer to Volume 3 (chapter 10) of this manual for instructions on the use of 
the special card. If manually troubleshooting the I/O circuits by replacing cards 
in the suspected area with spare cards or interchanging the positions of identical 
(multiple usage) cards, be careful to interchange only cards of the same type. 

Cards which may be interchanged depend on the I/O options installed. In order to 
be interchangeable, cards must be for the same type of interface and of the same 
interface voltage level. 
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CHAPTER 6 


CORRECTIVE MAINTENANCE 


6-1. INTRODUCTION . 

6-2. This chapter covers corrective maintenance of the DPS. Corrective maintenance 
consists of replacement of faulty printed circuit cards, fuses, indicators, or other 
components. All LRI's (lowest replaceable items) for the DPS, except memory and 
power supply modules, are designed to be throwaway items. No adjustments are re¬ 
quired. 

6-3. REMOVAL AND REPLACEMENT PROCEDURES . 

6-4. The following paragraphs describe the chassis and assembly removal procedures. 
Included are connector pin and indicator-switch replacement procedures. Table 6-1 
provides a list of tools required but not supplied. 


Table 6-1. Special Equipment and Tools Required But Not Supplied 


QTY 

PER 

EQUIP 

NOMENCLATURE 

REQUIRED 

USE 

EQUIPMENT 

CHARACTERISTICS 

NAME 

DESIGNATION 

1 

Oscilloscope 

Tektronix Model 
545A, AN/USM-281, 
AN/USM-140, or 
equivalent 

Troubleshooting and 
maintenance 


1 

Preamplifier, Dual 
Trace 

Tektronix 1A2 
or equivalent 

Required with 
Oscilloscope 

Dual Trace 

1 

AC Current Probe 
with Passive 
Terminator 

Tektronix P6021 
(015-0140-00) or 
equivalent 

Required with 
Oscilloscope for 
memory read/ 
write current 
testing 

Current Probe 

1 

Voltage Probe XI 

Tektronix P6028 
(010-0074-00) or 
equivalent 

Required with 
Oscilloscope 

Voltage Probe 

2 

Voltage Probe X10 

Tektronix P6006 
(010-0127-00) or 
equivalent 

Required with 
Oscilloscope 

Voltage Probe 
X10 

1 

Multimeter 

Tripplett Model 
630, AN/PSM-4(V) 
or equivalent 

Troubleshooting 
and maintenance 
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Table 6-1. Special Equipment and Tools Required But Not Supplied (Cont) 


QTY 

PER 

EQUIP 

NOMENCLATURE 

REQUIRED 

USE 

EQUIPMENT 

CHARACTERISTICS 

NAME 

DESIGNATION 

1 

Pin Inserter and 
Extractor Handle 

Univac No. 8839225 

Remove and insert 
wire wrap pins and 
bushings for card 
jacks and rear 
connector panel 

Hand Operated 

1 

Adapter 

Univac No. 8839224 

Required with 
handle 


1 

Tip, Insertion 

Univac No. 8839226 

Insert pins 


1 

Tip, Extraction 

Univac No. ETX 
861690 

Remove pins 


1 

Wire Stripper 

Ideal 45-171 

Wire repair 

Hand Operated 

1 

Stripper Blade 

Ideal L5211 


16-26 gauge 

1 

Stripper Blade 

Ideal L5436 


26-30 gauge 

1 

Low-Voltage 
Soldering Iron 





Miscellaneous 

Hand Tools 




1 

Wire Wrap Gun 

Gardner-Denver 

14R2 

Logic and Connector 
wiring 

Battery Oper¬ 
ated 

1 

Power Pack for 
Wire Wrap Gun 

Gardner-Denver 

503885 


Rechargeable 

1 

Wire-Wrap Bit 

Gardner-Denver 

26263 

Logic Wiring 

24 gauge 
(on large pin) 

1 

Wire-Wrap Bit 

Gardner-Denver 

501381 

Logic Wiring 

30 gauge 
(on large pin) 

1 

Wire-Wrap Bit 

Gardner-Denver 

504221 

Logic Wiring 

30 gauge 
(on small pin) 

1 

Wire-Wrap Sleeve 

Gardner-Denver 

18840 

Logic Wiring 

24 gauge 
(on large pin) 

1 

Wire-Wrap Sleeve 

Ga rdner-Denver 
17611-2 

Logic Wiring 

30 gauge 
(on large pin) 

1 

Wire-Wrap Sleeve 

Gardner-Denver 

500350 

Logic Wiring 

30 gauge 
(on small pin) 
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Table 6-1. Special Equipment and Tools Required But Not Supplied (Cont) 


QTY 

PER 

EQUIP 

NOMENCLATURE 

REQUIRED 

USE 

EQUIPMENT 

CHARACTERISTICS 

NAME 

DESIGNATION 

1 

Unwrap Tool 

Gardner-Denver 
500130 

Logic Wiring 

20-26 gauge 

1 

Unwrap Tool 

Gardner-Denver 
505244 

Logic Wiring 

30 gauge 


6-5. POWER SUPPLY REMOVAL PROCEDURE. Listed below is the procedure to remove and 
replace the DPS power supply. 

1. Turn off power and disconnect the power cable from connector J35. 

2. Open front panel by loosening the eight retaining screws and swinging 
panel open. 

3. Remove Phillips screw securing left hand bracket of telescoping door stop 
from front bottom edge of cabinet. This allows the front panel to open wider. 

CAUTION 


Ensure no stress is placed on the cables (J01-J04) to the maintenance 
panel. In case of stress, these cables must be unplugged and/or cable 
clamp removed. 

4. With Phillips screwdriver, disengage four quick-release memory chassis 
fasteners. Pull out the memory chassis assembly and swing it open to the left. 

5. Remove ribbon cable cover (four Phillips screws) located on the lower right 
bottom of cabinet. 

6. Remove memory fastening block located at lower right front corner of cabinet. 
It is held with four Phillips screws accessible from outside of cabinet. 

7. Unplug and tag the six CP/10 chassis paddle boards (ribbon cable cards) from 
CP/IO chassis rows A and C, slots 1, 2, and 3. Remove ribbon cable from behind 
cable holder located left front of power supply. 

8. Remove four bottom bolts (7/16" wrench) securing power supply to the cabinet. 

9. Remove and tag all wires on TB1 through TB5, located on front of power 
supply. TB1 and TB2 have removable covers. 

10. Remove and tag wires from terminals E9 and E10, located on front of power 
supply. 


11. Ensure cabinet is firmly fastened down or held in place. Grasp power supply 
handle,located on bottom center of supply, pull unit forward, and remove from 
cabinet. 
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12. To gain access to the interior of the power supply, remove the 18 screws 
securing the top panel to the supply frame. 

6-6. CP/IO CHASSIS REMOVAL PROCEDURE. Listed below is the procedure to remove 
and replace the DPS CP/IO chassis. 

1. Turn off power and disconnect the power cable from connector J35. 

2. Remove and tag all cables from the connector panel located on the rear of 

the CP/IO chassis (connectors extend through rear panel of cabinet). 

3. Open front panel per paragraph 6-5, steps 2 and 3. 

4. With Phillips screwdriver, disengage four quick-release memory chassis 

fasteners. Pull out the memory chassis assembly and swing it to the left. 

5. Unplug and tag the six CP/IO chassis paddle boards (ribbon cable cards) 

from CP/IO chassis rows A and C, slots 1, 2, and 3. 

6. Remove all cards of CP/IO chassis center row B, using card extractor. Set 
cards aside stacked in sequence. 

7. Using a spintite, remove the four nuts holding the cover for TB1, located 
in row B. 

8. Using a 5/16" wrench, remove the cable clamp holding the ac power wires to 
TB1. 

9. Remove and tag all wires on TB1. 

10. Remove eight Phillips head screws securing CP/IO chassis to cabinet. 

CAUTION 


When removing CP/IO chassis, do not let it fall into the lower part of 
the cabinet. 

11. Pull forward on CP/IO chassis and remove it from the cabinet. 

12. Replace the CP/IO chassis by reversing the above procedure. 

6-7. POWER SUPPLY BLOWER REMOVAL PROCEDURE. To remove the power supply blower, 
use the following procedure. 

1. Perform the power supply removal procedure, paragraph 6-5. 

2. Remove the 12 Phillips screws around the power supply blower vent (located 
on lower rear portion of left side of cabinet). Pull assembly loose from cabinet. 

3. Remove and tag the three power wires on the blower assembly. 

4. Remove the four Phillips screws holding the blower assembly to the vent grill, 
and remove blower. 

5. Replace the power supply blower unit by reversing steps 1 through 4 above. 
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6-8. CP/IO CHASSIS BLOWER REMOVAL PROCEDURE. To remove the CP/IO chassis blower, 
use the following procedure. 

1. Perform the CP/IO chassis removal procedure, paragraph 6-6. 

2. Remove the 17 screws holding the CP/IO chassis blower cover. 

3. Remove and tag the power wires to the blower. 

4. Remove the four screws holding the blower assembly to the CP/IO chassis. 

5. To replace the blower, reverse steps 1 through 4 above. 

6-9. MEMORY CHASSIS BLOWER REMOVAL PROCEDURE. To remove the memory chassis blower, 
use the following procedure. 

1. Open cabinet and extend memory chassis per paragraph 6-5, steps 1-4. 

2. Remove and tag three power wires located at lower left corner of blower 
assembly. 

3. Remove four Phillips screws located at blower assembly corners. 

4. Pull blower assembly straight out. 

5. Replace blower assembly by reversing steps 1 through 4 above. 

6-10. MEMORY BOARD ACCESS. To gain access to the DPS memory chassis boards, use 
the following procedure. 

1. Open cabinet and extend memory chassis per paragraph 6-5, steps 1-4. 

2. Remove the eight screws securing the chassis end panel (perforated panel 
facing forward); remove the panel, providing access to the boards. 

3. Engage right-hand and left-hand card extractors (table 1-2) into holes at 
top and bottom edges of selected memory board; press to loosen and remove board. 

4. To replace the unit, reverse steps 1 through 3 above. 
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6-11. INDICATOR-SWITCH REPLACEMENT. To replace faulty switches or indicator- 
switches in the maintenance panel or control panel, use the following procedure. 

1. Shut off power and disconnect the power cable from connector J35. 

2. Open front panel by loosening the eight retaining screws, and swinging 
open. 

3. Loosen the five screws securing the maintenance panel to the door. 

4. Pull the top of the maintenance panel forward to swing it down on its hinge, 
exposing the rear of both the maintenance panel and the control panel. 

5. Remove and tag wires from faulty component, referring to either the wire 
wrap procedure or the solder procedure depending on how the wires are secured. 

6. Loosen and remove the knurled ring (located on front of panel) securing the 
component to the panel. 

7. Replace the faulty component with a new component of the same part number. 

8. Reverse above procedure to close and secure panel assembly. 

6-12. CP/10 CONNECTOR PIN REPLACEMENT. To replace pins in the CP/IO circuit card 
connectors or in the I/O connectors located on the back of the CP/IO chassis, use 
the following procedure. 

1. Perform CP/IO chassis removal procedure, paragraph 6-6. 

2. Remove CP/IO blower assembly panel per paragraph 6-8. 

3. Remove screws securing CP/IO back connector panel; open panel to provide 
access to wire wrap side of connectors. 

4. Remove the wire from the connector pin by following step 1 of wire wrap 
procedure, paragraph 6-15. 

6. Using inserter/extractor handle (Univac No. 8839225, table 6-1), adapter 
(Univac No. 8839224), and extraction tip (Univac No. ETX 861690); remove the 
faulty pin. 

7. Using inserter/extractor handle (Univac No. 8839225), adapter (Univac No. 
8839224), and insertion tip (Univac No. 8839226); insert a new connector pin. 

8. Follow wire wrap procedure, steps 2 through 6, to connect wire to new pin. 

9. Close connector panel. 

10. Replace unit by reversing procedures in steps 1 through 3 above. 

6-13. WIRE WRAPPING. Wire connections to connector terminals of the DPS are made 
by wrapping several turns of wire around the post. Each terminal post has a 
rectangular cross section. The wrapped connections form helical coils on the posts, 
with points of contact at each of the four corners. Two connections may be made 
at each post, the second connection being wrapped around the upper portion (level) 


6-6 



of the post. If a lower level wire must be removed, remove the upper level first 
to gain access. 

6-14. Two commercial tools are used to replace defective wires: a manually oper¬ 
ated wire-wrap tool for removal of the old wires, and a battery-operated wire-wrap 
gun, with a detachable rechargeable battery which forms the handle, for installation 
of the new wires. The wire-wrap gun is used in conjunction with various size bits 
and sleeves to position the wire over the terminal post and accomplish the wrap. 

The size of the wire to be wrapped determines the bit and sleeve size that must be 
used. Refer to table 6-1 for the various size bits and sleeves. 

6-15. To replace defective wires, perform the following steps: 

1. Remove old wire by placing barrel of wire-unwrap tool over terminal post 
and twisting tool in a direction opposite to that of the wire wrap. 

2. Remove approximately one inch of insulation from replacement wire, being 
careful not to nick bare area of wire. 

3. Use wire-wrap sleeve and bit corresponding to size of wire. Place sleeve and 
bit in wire-wrap gun. 

4. Insert bare portion of replacement wire into longitudinal groove of bit. 

Edge of wire insulation must touch end of bit (figure 6-1). 


SLEEVE 




A. INSERTION OF WIRE INTO LONGITUDINAL GROOVE. 8. POSITIONING OF GUN, WIRE, ANO TERMINAL POST. 


Figure 6-1. Preparation for Wire Wrapping 
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5. Bend wire so insulated portion is at right angle to longitudinal groove of 
bit (figure 6-1). 

6. Position wire-wrap gun over terminal post, with terminal post inserted in 
bit, and press trigger. Wire-wrap gun supplies necessary power to make wrap. 
Complete at least four complete turns around post with wire. Wire must be evenly 
applied, without overlapping of turns or gaps between turns (figure 6-2). 

NOTE 

Do not wire-wrap with a gun that does not have fully charged batteries. 
Recharging the battery is accomplished by twisting the handle 90° 
counterclockwise and inserting it into a conventional 115 Vac, 60 Hz, 
single-phase electrical outlet for 12 hours. 

6-16. SOLDER CONNECTIONS. Normal soldering techniques employed for electronic 
component replacement and repair should be applied when removing or forming solder 
connections. 


VARIABLE 

BACKFORCC 



UNACCEPTABLE 


WRAPPING 



BACKFQRCE 


A 



EXCESSIVE 

BACKFORCE 


ACCEPTABLE 

WRAPPING 



Figure 6-2. Wire Wrap Connections 
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CHAPTER 7 


PARTS LIST 


7-1. INTRODUCTION . 

7-2. The Parts List identifies units, assemblies, and detail parts for the Data 
Processing Sets AN/UYK-20(V) and AN/UYK-20X(V). The parts list contains fifteen 
(15) optional units and eleven (11) kits. A given Data Processing Set does not 
contain all major units, therefore to aid the user in locating parts table 7-2 
is subdivided into separate parts lists with identical parts repeated for each 
unit. 


7-3. LIST OF MAJOR UNITS . 

7-4. Table 7-1 is a tabular listing of the major units comprising this equipment. 
The first column lists the unit numbers in numerical order. Table 7-1 also pro¬ 
vides the name of unit, designation and location of first page of its parts list¬ 
ing in table 7-2. 

7-5. PARTS LIST . 

7-6. Table 7-2 lists the units and their repairable parts. This list is divided 
and arranged by major units in numerical sequence. Parts attached to the unit are 
listed first in alpha-numerical order, followed by unit assemblies with parts also 
listed in alpha-numerical order. Column 1 contains the reference designations of 
all parts listed in sequential order. Replaceable components not reference desig¬ 
nated are listed after their next higher assembly or at the end of each unit. The 
notes column is not used for this equipment. Column 3 consists of the noun name 
or item name and electrical or physical characteristics to identify the parts 
within the equipment. Following this description, part manufacturer's Federal 
supply code number, manufacturer's part number, contractor's Federal supply code 
number, contractor's drawing number or military type designation, as applicable, 
are included. Identical parts that are used more than five times in a given unit 

are listed with "Same as _" and referenced to the item number in table 7-3 List 

of Common Item Descriptions. The attaching hardware, with quantity required, is 
identified by an assigned letter code and listed immediately following the item 
which they secure. The figure and item number (column 4) identifies the illus¬ 
tration which pictorially locates the part by listing the figure number with item 
number enclosed in parenthesis. 

7-7. LIST OF COMMON ITEM DESCRIPTIONS . 

7-8. Table 7-3 is a list of like parts that are used over five applications. The 
parts are grouped and arranged in alphabetical order with item numbers assigned 
consecutively. The description is the same as shown in table 7-2. 

7-9. LIST OF ATTACHING HARDWARE . 

7-10. Table 7-4 contains a list of all the attaching hardware referenced in table 
7-2. These items are grouped and arranged in alphabetical order with letter codes 
assigned consecutively. 
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7-11. LIST OF MANUFACTURERS . 

7-12. Table 7-5 is a list of manufacturers containing the names, addresses, and 
code symbol of all manufacturers supplying items for the equipment as referenced 
in the parts list. 

7-13. PARTS LOCATION ILLUSTRATIONS . 

7-14. Suitable parts location illustrations located in other chapters of the 
manual are referenced and not repeated. Illustrations provided only for locating 
parts are placed at the end of this chapter. 
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Table 7-1. List of Major Units 



_ NAME OF UNIT 

Cabinet, Electrical Equipment 

Cabinet, Electrical Equipment 

Control-Maintenance Unit 

Control-Maintenance Unit 

Power Supply 

Power Supply 

Power Supply 

Power Supply 

Power Supply 

Power Supply 

Processor-Verifier Unit 

Processor-Verifier Unit 

Core Memory Unit 

Control, Core Memory 

Control, Core Memory 

Interface Kit, Fa st Serial 

Interface Kit, Serial Sync 

Interface Kit, Serial Async 

Interface Kit, Serial 
Communications, Sync 

Interface Kit, Serial 
Communications, Async 

Interface Kit, Slow 



/UYK-20(V) 

/UYK-20X(V) 

/UYK~20(V) 

/tEYK~20X(V) 



MK- (V)/UYK-20(V) 

MK- /UYK-20(V) 

MK- (V)/UYK~20(V) 


23 


Interface Kit, Fast, Negative 
Interface Kit, Fast, Positive 


MK-l693/UYK-20(V) 
MK-l694/U^K-20(V) 
MK-1695/UYK-20(V) 
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Table 7-1. List of Major Units (Cont) 


!!"'■. 

JTAMF r F TTNTT 

DESIOMATrTJ 

PAGE 

NO. 

24 

Micro Memory Program Kit 

MK- 

(V)/UYK-20(V n 


25 

Maintenance Kit 

mi:- 

/UYK-20(V) 


26 

Accessory Kit 

MK- 

/UYi:-20(V) 
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TABLE 7-2. DATA PROCESSING SET AN/OYk-954) /.NO AH/fJYK-20X(V), PARTS LIST 


Reference 

Designation 

Notes 

Name dr ,- 

:;:ciption 

Figure 

Number 

(Item) 

Cabinet, Electrical Equipment CY- /OS v > 

r) (Tfc it l) 

1 


CABINET ELECTRICAL 

WT 01- /0YK-20(V) s 




Provides mount iiV 9' • ■; 

n 5.t 3 of Data 




Processing Set 7? : /'C' 

■■ V V *v V. •** 

. r r 7 f**.*v%, •*? r-v 

n v ’•’-A 't/ ^ *&» 




shipboard and s^rv-rd ■:>. 

afr 90536, part no. 




7101970-00. 



1B1 


FAN, AXIAL i Gw rA.,,A, 

: .... umimua c a se t 4 • 688 




in. aq p 1*5 -.d;.:’ 

r/ 5377, part no. 




810DS TYPE ST, ■ 

7901420-01. 




(Attaching P«*rts l A',. 

, 4(4), x(2), AH(2), 




BB(4), UC(A)„ 



1A1 


CONTRCiL-MAINTENANC', ■ ■' 7 A 

Leo unit no. 3. 


1A2 


CORE MEMORY UNIT: 

:;Dr no* 13* 


1A3 


PROCESSOR-VERIFIER uC jAA : 

3ae unit no® 11* 


1A4 


FILTER ASSEMBLY, ELECT!i; 

- A •• Contains 4 filters 




and 1 connecter;. .9 A 

uart lie » 




7101950-00 . 





(Attaching Parts) M 

(3). BJ(8) 


1A4FL1 


FILTER, RADIO FHEQOTJI j 

IfTEREERENCEj T 


thru 


circuit rfi filter, 125 

vac, 12amp; mfr 56289, 


1A4FL4 


part no. JN17-4564A, 9C 

536, dwg 7904734-00. 


1A4J1 


CONNECTOR, RECEPTACLE, El 

■ECTRICAL: Male 7- 




contact; MIL type MS315 

2R20-15P. 




(Attaching Parts) 0(4 

.), AA(4), AU(4), BB(4) 


1A5 


not used 



1A6 


ELECTRONIC COMPONENTS ASS 

EMBLY: Contains 1 




capacitor, 1 terminal board, and 2 terminals; 




mfr 90536, part no. 714 

6335-00 




(Attaching Parts) AI?( 

2), Bl(2) 


1A6C1 


CAPACITOR, FIXED, PLASTIC 

DIELECTRIC: l.CUF, 




+10J6, 400VDCW ; mfr 562? 

9 S part no. 




260P10594S2, 90536, dwg 

7903001-11. 


1A6E1 


TERMINAL, STUDs Insulated*, stand off. threaded 


1A6E2 


/2 turret j mfr 7127% p 

art no, 570-3650-02-05, 




90536, dwg 910185-02. 





(Attaching Parts) V(2 

\ 


1A6TB1 


TERMINAL BOARD: Barrier 

type, 3 terminals; mfr 




75332, part no. 600AY3, 

90536, dwg 904862-04. 




(Attaching Parts) I(4) t > AG( 2 ), AJ(2), BC(2), 


1A7 


RESISTOR ASSEMBLY, FIXED: 

Contains 3 




resistors; mfr 90536, part no. 7128008-00. 




(Attaching Parts) AH(2), BI(2) 


1A7R1 


RESISTOR, FIXED, COMPOSITION: 100K ohm, +$%, 


thru 


1/2W; MIL type RCR2GG104JM. 


1A7R3 

* 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Notes 



Name and Description 


CONTACT, ELECTRICAL CONNECTOR: Female, 
removable, for rack and panel connectors, 
0.764 in. long, 16AJ.7G, 13 amp rating; mfr 
81312, part no. 10051016S994, 90536, dwg 
4910566-01 (8). • 

CONTACT, ELECTRICAL C’NNECT'R: Female, 
removable, for rack and panel connectors, 
O .764 in. long, 24ANG, 13 amp rating; mfr 
81312, part no. 100510243994* 90536, dwg 
4910566-05 (6). 

CONTACT, ELECTRICAL CONNECTOR: Female, 
removable, for rack and panel connectors, 
O .764 in. long, 26 to 30/470, 13 amp rating; 
mfr 81312, part no. 1005102639^4, 90536, dwg 
4910566-08 ( 4 ). 


Cabinet, Electrical Equipment CY- /UYK-20X(V) (Unit 2) 


CABINET ELECTRICAL EQUIPMENT CY- /UYK-20X(V): 
Provides mounting for units of Data 
Processing Set AN/UYK-20X(V), designed for 
shipboard and ground use; mfr 90536, mart no. 
7101970-01. 

FAN, AXIAL: Cw rotation, aluminum case, 4.688 
in. sq., 1.5 in. thick; mfr 82877, part no. 
682YS TYPE ST, 90536, dwg 7901420-03. 

(Attaching Parts) G(4), 1(4), x(2), AH(2), 
BB(4), BC(4), BH(4), BI(6) 
C°NTR n L-MAINTENENCE UNIT: See unit no. 4. 

C'^RE MEMORY UNIT: See unit no. 13. 

PROCESS 'R-VERIFIER UNIT: See unit no. 12. 

FILTER ASSEMBLY, ELECTRICAL: Contains 4 filters 
and 1 connector; mfr 90536, part no. 
7101950-01. 

(Attaching Parts) AL(8), BJ(8) 

FILTER, RADIO FREQUENCY INTERFERENCE: T circuit 
rfi filter, 125vac, 12amp; mfr 56289, part no. 
JN17-4564A, 90536, dwg 7904734-00. 

CONNECTER, RECEPTACLE, ELECTRICAL: Male, 7- 
contact; MIL type MS3102R20-15PZ. 

(Attaching Parts) G(4), AA(4), AU(4), BB(4) 
not used 

ELECTRONIC COMPONENTS ASSEMBLY: Contains 1 
capacitor, 1 terminal board, and 2 terminals; 
mfr 90536, part no. 7126335-01. 

(Attaching Parts) AH(2), Bl(2) 


Figure 

Number 

(Item) 


2A4FL1 

thru 

2A4FL4 

2A4J1 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


2A6C1 


2A6E1 

2A6E2 


2A6TB1 


2A7R1 

thru 

2A7R3 


Notes Name and Description 


CAPACITOR, FIXED, PLASTIC DIELECTRIC: 1.39UF, 
±10*, 400VDCW; mfr 56289, part no. 260P39494S2 
90536, dwg 7903001-33. 

TERMINAL, STUD: Insulated, stand off, threaded 
/2 turret,* mfr 71279, part no. 570-3650-02-05, 
90536, dwg 910185-02. 

(Attaching Parts) V(2) 

TERMINAL BOARD: Barrier type, 3 terminals; mfr 
75382, part no. 600AY3, 90536, dwg 904862 - 04 . 

(Attaching Parts) 1(4), AG(2), AJ(2), BC(2), 

RESISTOR ASSEMBLY, FIXED: Contains 3 resistors: 
mfr 90536, part no. 7128008-00. 

(Attaching Parts) AH(2), BI(2) 

RESISTOR, FIXED, COMPOSITION: 100K ohm, +5%, 
l/2Wj MIL type RCR20G104JM. ‘ 

CONTACT, ELECTRICAL CONNECTOR: Female, 
removable, for rack and panel connectors, 

O .764 in. long, loAWG, 13 amp rating; mfr ’ 
81312, part no. 10051016S994, 90536, dwg 
4910566-01 (8). 

CONTACT, ELECTRICAL CONNECTOR: Female, 
removable, for rack and panel connectors, 

O .764 in. long, 24AWG, 13 amp rating; mfr 
81312, part no. 10051024S994, 90536, dwg 
4910566-05 (6). 

CONTACT, ELECTRICAL CONNECTOR: . Female, 
removable, for rack and panel connectors, 

O .764 in. long, 26 to 30AWG, 13 amp rating; 
mfr 81312, part no. 10051026S994, 90536, dwg 
4910566-08 ( 4 ). 


Figure 

Number 

(Item) 


Control-Maintenance Unit C- /UYK-20(V) (Unit 3) 



CONTROL-MAINTENANCE UNIT C- /UYK-20(V): 
Evaluates performance and provides control and 
visual monitoring of internal functions of the 
Data Processing Set AN/UYK-20(V), operating 
power 115 VAC, 400HZ, 3-phase delta or 208 
VAC, 400HZ, 3-phase wye or 115 VAC, 400HZ, 
single phase; mfr 90536, part no, 7101985-00. 

HORN, ELECTRICAL: With solid state oscillator, 
1.7 in. dia, 30-120 volt; mfr 37942, part no. 
SC110Z W/ALMTGRING. 90536, dwg 7904742-00. 

(Attaching Parts) AC(2), BH(2) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 



Notes 


3A1CB1 


3A1DS1 

3A1DS2 


3A1DS3 


3A1DS4 

3A1DS5 


3A1DS6 


3A1DS7 


3A1S1 


3A1S2 


3A1S3 


3A1S4 


3A1S5 

3A136 

3A1S7 


Name and Description 


CONTROL PANEL ASSEMBLY: Contains 1 circuit 
breaker, 7 indicators, and S switches; mfr 
90536, part no. 7101985-00. 

(Attaching Parts) R(l2), AH(l2), Bl(l2) 
CIRCUIT BREAKER, MAGNETIC: 3 poles,-20 amp, 
240V, 400HZ; MIL type M39019/5-80. 

(Attaching Part) N(l) 

LIGHT, INDICATOR: Neon, w/resistor, red sealed 
lens, KFI shielding; mfr 07137, part no. 
SIL8062A25, 90536. dwg 7904735-20. 

(Attaching Part) BF(2) 

LIGHT, INDICATOR: Light emitting diode, 
w/resistor, sealed green lens; mfr 07137, 
part no. SSILS066A33C, 90536, dwg 7904467-14. 

(Attaching Parts) L(l), BF(l) 

LIGHT INDICAT'R: Light emitting diode, 
w/resistor, sealed clear lens; mfr 07137, 
part no. SSIL8059A22, 90536, dwg 7904279-12.' 

(Attaching Parts) L(2), BF(2) 

LIGHT, INDICATOR: Incandescent, w/75 ohm 

resistor, non-replaceable lamp, 5 V, 0.06 amp, 
sealed white lens; mfr 07137, part no. 
SIL8065A32, 90536, dwg 7904806-00. 

(Attaching Parts) L(l), BF(l) 

LIGHT, INDICATOR: Neon, w/resistor, sealed , 
white lens, RFI shielding; mfr 07137, part no. 
SIL8062A32, 90536. dwg 7904735-23. 

(Attaching Part) BF (l) 

SWITCH, TOGGLE: Minature, dpdt, sealed; MIL 
type MS24656-231. 

(Attaching Part) L(l) 

SWITCH, TOGGLE: Minature, dpdt, sealed; MIL 
type MS24656-311. 

(Attaching Part) L(l) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS24655-231. 

(Attaching Part) L(10) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS24655-271. 

(Attaching Part) L(l) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS24655-281. 

(Attaching Part) L(2) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS 2465 5-221. 

(Attaching Part) L(l) 


Figure 

Number 

(Item) 









TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X( V), PARTS LIST (CONT.) 


Reference 

Designation 


3A1S8 


Notes 


3A2DS1 


3A2J01 

3A2J02 

3A2J03 

3A2J04 


3A2K1 

3A2KL 


3A2S1 


3A2S2 

3A2S3 

3A2S4 


3A2S5 

3A2S6 

3A2S7 


3A2S8 

3A2S9 

3A2S10 

3A2S11 

3A2S12 

3A2S13 


Name and Description 


SWITCH, TOGGLES Subminature, sealed, 3 pole; 
mfr 31356, part no. T04-323, 90536, dwg 
7904733-01. 

(Attaching Parts) L(l), BF(l) 

PANEL ASSEMBLY, MAINTENANCE: Contains 1 

indicator, 4 connectors, 1 relay, 1 meter, 47 
switches, and 1 terminal board; mfr 90536, 
part no. 7101850-00. 

(Attaching Parts) R(6), AH(6), Bl(l2) 

LIGHT, INDICATOR: Light emitting diode, 
w/resistor, clear lens; mfr 07137, part no. 
SSIL8722C22, 90536. dwg 7904279-00. 

(Attaching Parts) K(l), BK(l) 

CONNECTOR BLOCK: Contains 120 terminal 

assemblies; mfr 90536, pert no. 7101817-00. 

(Attaching Part) AR(4) 

INSULATOR, ELECTRICAL CONNECTOR: Male, 

rectangular, 20 contact locations; mfr 81312, 
part no. MRAC20PJ6-436, 90536, dwg 
4911532-00. 

RELAY, ARMATURE: 3 SPST, 115 VAC, 400HZ; MIL 
type MS27418-1A. 

METER, TIME TOTALIZING: 115V, 400HZ, 9999 
hour elapsed time, square case; MIL type 
MS17322-10. 

(Attaching Parts) P(2), AS(2), BC(2) 

SWITCH, PUSH: SPST normally open double break, 
0.1 amp, white, button; mfr 07137, part no. 
SBS8732B26, 90536, dwg 7904277-00. 

(Attaching Parts) K(3), BK(3) 

SWITCH, PUSH: SPST normally open double break, 
light emitting diode indicator, w/resistor, 
0.1 amp, clear lens; mfr 07137, part no. 
SSBL8721C22, 90536. dwg 7904278-00. 

(Attaching Parts) K(24), BK(24) 

SWITCH, PUSH: SPST normally open double break, 
light emitting diode indicator, w/resistor, 
0.1 amp, clear lens; mfr 07137, part no. 
SSBL8774C22, 90536, dwg 7904278-03. 

(Attaching Parts) M(7), BK(7) 

Same as 3A2S2 (item no. 22) 


Same as 3A2S5 (item no. 23) 


Figure 

Number 

(Item) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 



3A2S17 

3A2S18 

3A2S19 

3A2S20 


3A2S21 


thru 

3A2S31 

3A2S32 

3A2S33 

3A2S34 

3A2S35 

3A2S36 

3A2S37 

3A2S33 

3A2S39 

3A2S40 


3A2S4I 

3A2S42 

3A2S43 


3A2S44 


3A2S45 

3A2S46 

3A2S47 

3A2TB1 


Name and Description 


Sane as ?A2S2 (item no. 22) 


Same as 3A2S5 (item no. 23) 
Same as 3A2S2 (item no. 22) 


SWITCH, PUSH? SPST normally open double break, 
light emitting diode indicator, 0.1 amp, 
green lens; mfr 07137, part no. 

SSBL8025A33C, 90536, dwg 7904466-07. 
(Attaching Parts) K(l), BK(l) 

Same as 3A2S1 (item no. 21) 

Same as 3A2S2 (item no. 22) 


Same as 3A1S3 (item no. 25) 


Same as 3A2S2 (item no. 22) 


Same as 3A1S3 (item no. 25) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS24655-211. 

(Attaching Parts) K(l) 

Same as 3A1S3 (item no. 25) 

SWITCH, TOGGLE: DPDT, minature, panel sealed; 
MIL type MS21352-351. 

(Attaching Parts) K(l) 

SWITCH, TOGGLE: Minature, single pole, panel 
sealed; MIL type MS21350-321. 

(Attaching Parts) K(l) 

Same as 3A2S1 (item no. 21) 

Same as 3A1S3 (item no. 25) 

TERMINAL BOARD: Barrier type, 14 terminals; 
mfr 71785, part no. 354-11-14-001, 90536, 
dwg 900125-16. 

(Attaching Parts) Al(2), Bl(2) 

CONTACT, ELECTRICAL CONNECTOR: Male, 
removable, for rack and panel connectors, 
0.764 in. long, 16AWG, 13 amp rating; mfr 
81312, part no. 1001016P159, 90536, dwg 
4910565-01 (8). 


Figure 

Number 

(Item) 


0 











TABLE 7-2. DATA PROCESSING SET AN/UYK-2G(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


Note 8 



Figure 

Number 

(Item) 



CONTACT, ELECTRICAL CONNECTOR; Male, 

removable, for rack and panel connectors, 
O .764 in. long, 24AWG5 13 amp rating; mfr 
81312, part no. 1001024P159, 90536, dvg 
4910565-05 (6). 

CONTACT, ELECTRICAL CONNECTOR: Male, 

removable, for rack and panel connectors, 
0.764 in. long, 26 to 30 AWG, 13 amp rating; 
mfr 81312 , part no. 1001026PX59, 90536 , dug 
4910565-08 ( 4 ). 

FILTER, AIR CONDITIONING: Aluminum, oiled type, 
15.5 in. long, 9 in. wide, 0.5 in thick, type 
R82A; mfr 00736, part no. 124786-219, 90536, 
dug 910486-20 (1), 

FILTER: EMI large; mfr 90536, part no, 
7101913-00 (1). 


Control Maintenance Unit C- /UYK-20X(V) (Unit 4) 



4A1CB1 


4A1DS1 

4A1DS2 


CONTROL-MAINTENANCE UNIT C- /UYK-20X(V): 
Evaluates performance and provides control 
and visual monitoring of internal functions 
of the Data Processing Set AN/UYK-20X(V), 
operating power 115 VAC, 60HZ, 3-phase delta, 
or 208 VAC, 60HZ, 3-phase wye or 115 VAC, 
60HZ, single phase; mfr 90536, part no. 
7101985-01. 

HORN, ELECTRICAL: With solid state oscillator, 
1.7 in. dia, 30-130 volt; mfr 37942, part no. 
SC110Z W/ALMTGRING, 90536, dwg 7904742-00. 

(Attaching Parts; AC(2), BH(2) 

CONTROL PANEL ASSEMBLY; Contains 1 circuit 
breaker, 7 indicators, and 8 switches; mfr 
90536, part no. 7101985-01. 

(Attaching Parts) R(12), AH(12), Bl(l2) 
CIRCUIT BREAKER, MAGNETIC; 3 poles, 20 amp, 
24V, 60HZ; MIL type M39019/5-78. 

(Attaching Part; N(l) 

LIGHT, INDICATOR; Neon, w/resistor, red 
sealed lens, RFI shielding; mfr 07137, part 
no. SIL8062A25, 90536, dwg 7904735-20. 

(Attaching Part) BF(2) 
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TABLE 7-2. DATA PRuCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 



Figure 

Number 

(Item) 


4A1DS3 


AAIDSA 
AMDS 5 


4AIDSA 


4A1DS7 


44.131 


4A1S2 


4A1S3 


4A1S4 


4A1S5 

4A1S6 

4A1S7 


4A1S8 


LIGHT, INDICATOR: Light emitting diode, 
w/resistor, sealed green lens; mfr 07137, 
part no. SSIL6066A33C, 90536, dwg 79044,67-14. 

f '.ttnching Parts) L(l), Rp(l) 

LIGHT, INDICAT R: Light emitting diode, 
w/resistor, sealed clear lens; mfr 07137, 
part no. SSIL8059A22, 90536, dug 7904,279-12. 

(Attaching Parts) L(2), BF(2) 

LIGHT, IIDICAT' Incandescent, w/75 ohm 

resistor, non-replaceable lamp, 5V, 0.06 amp, 
sealed x^hito lens; mfr 07137, nart no. 
SILS065A32, 90536, dwg 7904306-00. 

(Attaching Parts) L(l), BF(l) 

LIGHT, INDICATE: Neon, w/resistor, sealed 
white lens, RFI shielding; mfr 07137, part 
no. SIL8062A32, 90536, dwg 7904735-23. 

(Attaching Parts) DP(l) 

SNITCH, TOGGLE; Miniature, dpdt, sealed; NIL ' 
type MS24656-231. 

(Attaching Part) I.(l) 

SNITCH, TOGGLE: Miniature, dndt, sealed; MIL 
type MS24656-311. 

(Attaching Part) L(l) 

SNITCH, TOGGLE: Miniature, single pole, panel 
sealed; MIL type MS24655-231. 

(Attaching Part) L(10) 

SWITCH, TOGGLE; Miniature, single pole, panel 
sealed; MIL type MS24655-271. 

(Attaching Part) L(l) 

SWITCH, TOGGLE; Miniature, single pole, panel 
sealed; MIL type MS24655-281. 

(Attaching Part) L(2) 

SWITCH, TOGGLE; Miniature, single pole, panel 
sealed; MIL type MS24655-221. 

(Attaching Part) L(l) 

SWITCH, TOGGLE: Subminiature, sealed, 3 pole; 
mfr 31356, part no. T04-323, 90536, dwg 
7904733-01. 

(Attaching Parts) L(l), BF(l) 

PANEL ASSEMBLY, MAINTENANCE: Contains 1 

indicator, 4 connectors, 1 relay, 1 meter, 47 
switches, and 1 terminal board; mfr 90536, 
part no. 7101850-01. 

(Attaching Parts) R(6), AH(6), Bl(l2) 


7-12 










TABUS 7-2* DATA PROCESSING SET AN/UYK-20(V) AND AN/UYI(-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


Name and Description 


Figure 

Number 

(Item) 


4A2DS1 


4A2J01 

4A2JQ2 

4A2J03 

4A2J04 


4A2K1 

4A2M1 


4A2S1 


4A2S2 

4A2S3 

4A2S4 


4A2S5 

4A2S6 

4A2S7 


4A2S8 

4A2S9 

4A2S10 

4A2S11 

4A2S12 

4A2S13 

4A2S14 

4A2S15 

4A2S16 

4A2S17 

4A2S18 

4A2S19 


LIGHT, INDICATOR; Light emitting diode, 
w/resistor, clear lens; mfr 07137, part no. 
SSIL8722C22, 90536. dwg 7904279-00. 

(Attaching Parts) K(l), BK(l) 

CONNECTOR BL0C£: Contains 120 terminal 

assemblies; mfr 90536, part no. 7101817-00. 

(Attaching Part) AR(a) 

INSULATOR, ELECTRICAL CONNECTOR: Male, 

rectangular, 20 contact locations; mfr 81312, 
part no. MRAC20PJ6-436, 90536, dwg 
4911532-00. 

RELAY, ARMATURE: 3 SPST, 115 VAC, 400HZ; MIL 
type MS27418-1A. 

METER, TIME TOTALIZING: 115V, 60HZ, 9999 hour 
elapsed time, square case, mfr 82227, part no, 
K19603B6, 90536, dwg 7903922-01. 

(Attaching Parts) P(2), AS(2), BC(2) 

SWITCH, PUSH: SPST normally open double 

break, 0.1 amp, white button; mfr 07137, part 
no. SBS8732B26, 90536, dwg 7904277-00. 

(Attaching Parts) K(3), HK(3) 

SWITCH, PUSH: SPST normally open double 
break, light emitting diode indicator, 
w/resistor, 0.1 amp, clear lens; mfr 07137, 
part no. SSBL8721C22, 90536, dwg 7904278-00. 

(Attaching Parts) K(24), BK(24) 

SWITCH, PUSH: SPST normally open double break, 
light emitting diode indicator, 
w/resistor, 0.1 amp, clear lens; mfr 07137, 
part no. SSBL8774C22, 90536, dwg 
7904278-03. 

(Attaching Parts) M(7), BK(7) 

Same as 4A2S2 (item no. 22) 


Same as 4A2S5 (item no. 23) 


Same as 4A2S2 (item no. 22) 


Same as 4A2S5 (item no. 23) 
Same as 4A2S2 (item no. 22) 
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TABLE.7-2, DATA PROCESSING SET AN/UIK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

4A2S20 

4A2S21 

4A2S22 

thru 

4A2S31 

4A2S32 

4A2S33 

4A2S34 

4A2S35 

4A2S36 

4A2S37 

4A2S38 

4A2S39 

4A2S40 

4A2S41 

4A2S42 

4A2S43 

4A2S44 

4A2S45 

4A2S46 

4/2S47 

4ATB1 


SWITCH, PUSH: SPST normally open double* 
break, light emitting diode indicator, 0,1 
amp, green lens; mfr 07137, part no. 
S3BL8025A33C, 90536, dwg 7904466-07. 

(Attaching Parts) K(l), BK(l) 

Same as 4A2S1 (item no. 21) 

Same as 4A2S2 (item no. 22) 

Same as 4A1S3 (item no. 25) 

Same as 4A2S2 (item no. 22) 

Same as 4A1S3 (item no. 25) 

SWITCH, TOGGLE: Miniature, single pole, panel 
sealed; MIL type MS24655-211. 

(Attaching Parts) "(l) 

Same as 4A1S3 (item no. 25) 

SWITCH, TOGGLE: DPDT, miniature, panel 
sealed; MIL type MS21352-351. 

(Attaching Parts) K(l) 

SWITCH, TOGGLE: Miniature, single pole, oanel 
sealed; MIL ty^e MS21350-321. 

(Attaching Parts) F(l) 

Same as 4A2S1 (item no. 21) 

Same as 4A1S3 (item no. 25) 

TERMINAL BOARD: Barrier type, 14 terminals; 

• mfr 71785, part no". 354-11-14-001, 90536, 
dwg 900125-16. 

(Attaching Parts) Al(2), Bl(2) 

CONTACT, ELECTRICAL.CONNECTOR: Male, removable, 
for rack and panel connectors, 0.764 in. 
long, 16AWG, 13 amp rating; mfr 81312, part 
no. 1001016P159, 90536, dwg 4910565-01 (8). 
CONTACT, ELECTRICAL CONNECTOR: Male, removable, 
for rack and panel connectors, 0.764 in. long, 
24AWG, 13 anp rating; mfr 81312, part no. 
1001024P159, 90536, dwg 4910565-05 (6). 

Contact, electrical connector: Male, removable, 
for rack and panel connectors, 0.764 in. long, 
26 to 30 AWG, 13 amp rating; mfr 81312, part 
no. 1001026P159, 90536, dwg 4910565-08 (4). 









TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (COST.) 


Figure 

Note8 Name and Description Number 

(Item) 


Reference 

Designation 


Power Supply PP-703MlYK-20(V) (Unit 5) 


5A1C1 


5A1C2 

5A1C3 

5A1L1 


5A2TB1 

5A2TB2 

5A2TB3 

5A2TB4 


POWER SUPPLY PP-7032/UYK-20(V): Provides power 
to each of the units within the data process¬ 
or cabinet, operating power 115V, 4OOHZ, 
3-phase delta; mfr 90536, part no. 

7101840-00. 

CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, part 
no. 7101974-00. 

(Attaching Parts) AN(2), AX(2), BE(2) 
CONNECTOR, PLUG, ELECTRICAL: Male; mfr 90536, 
part no. 7101883-00. 

(Attaching Parts) AC(4)» AU(4) 

TRANSFORMER ASSEMBLY: Mfr 90536, part no. 
7126376-00. 

(Attaching Parts) AN(6), AX<6), BE(6) 
not used 

TERMINAL BOARD: Barrier type, 5 terminals; mfr 
75382, part no. 354-28-05-001, 90536, dwg 
904862-09. 

(Attaching Parts) 1(2), Al(2), AV(2), BC(2), 

BI(2) 

ELECTRONIC COMPONENTS ASSEMBLY: 3-phase, 400HZ, 
contains 3 capacitors and 1 choke; mfr 90536, 
part no. 7101982-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 
CAPACITOR, FIXED, ELECTROLYTIC: A1 can, 680UF, 
± 15 %, 250V; MIL type CE71C681M. 

(Attaching Parts) AN(2), BE(2) 

CAPACITOR, FIXED ELECTROLYTIC: 120UF, -15^, 
+30$, I5OV; mfr 56289, part no. 

112D127C3150Y1, 90536, dwg 7901635-13. 

PLATE ASSEMBLY, CHOKE: Mfr 90536, part no. 
7101987-00. 

(Attaching Parts) AJ(4), AV(4) 

OUTPUT FILTER ASSEMBLE: Contains 2 capacitor 
boards, 1 inductor choke assy, and 3 
terminal boards; mfr 90536, part no. 
7101978-00. 

(Attaching Parts) AN(6), AX(6), BE(6) 
not used 

TERMINAL BOARD: Barrier type, 7 terminals; mfr 
75382, part no. 600AY7, 90536, dwg 904862-11. 

(Attaching Parts) AE(8), BC(8), BH(8) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND *N/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

■ 

Name and Description 

Figure 

Number 

(Item) 

5A2TB5 

5 A3 

5A4 

5A4C1 

5A4C2 

5A4R1 

5A4R2 

5A4R3 

5A4T1 

5A5 

5A6 


TERMINAL BOARD: Barrier type, 4 terminals; nifr 
75382, part no. 600AY4, 90536, dwg 904862-05. 

(Attaching Parts) AE(4), BC(4), BH(4) 
CAPACITOR BOARD ASSEMBLY: 13 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536, 
part no. 7101951-00. 

(Attaching Parts) G(4)» U(4), AU(4), BB(4) 
CAPACITOR BOARD ASSEMBLY: 19 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536, 
part no. 7101952-00. 

(Attaching Parts) G(4), U(4), AU(4), BB(4) 
INDUCTOR CHOKE ASSEMBLY: 8 chokes mtd on plate, 
epoxyed; mfr 90536, part no. 7101932-00. 

(Attaching Parts) 1(4), Bl(4) 

FILTER ASSEMBLY, INPUT: 6 capacitors and 9 
chokes mtd in chassis, epoxyed; mfr 90536, 
part no. 7101979-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 
ELECTRONIC COMPONENTS ASSEMBLY: Contains 2 
capacitors, 3 resistors, and 1 transformer 
mtd on bracket; mfr 90536, part no. 

7101980-00. 

(Attaching Parts) AN(3), AX(3), BE(3) 
CAPACITOR, FIXED, PAPER DIELECTRIC: l.CUF, +10& 
400VDCW; MIL type CV09A1KE105KM. 

CAPACITOR, FIXED, GLASS DIELECTRIC: 5100PF, 

+10$, 300VDCW; mfr 07115, part no, 

CY20C512K, 90536, dwg 4912284-16. 

RESISTOR, FIXED, WIREWOUND: 0.1 ohm, +1 %, 20W; 
MIL type RE70GR100. 

(Attaching Parts) G(2), T(2), AU(2), BB(2) 
RESISTOR, FIXED, FILM: 20000 ohm. +2$, 2W; MIL 
• type M22684-04-0159. 

RESISTOR, FIXED WIREWOUND: 1 ohm, ± 1 %, 5W; MIL 
type RE60G1R00. 

(Attaching Parts) P(2), S(2), BG(2) 
TRANSFORMER, POWER, STEPDOWN: Control, single 
phase, 50-400HZ; mfr 16153, part no. MC4518, 
90536, dwg 7904726-00. 

(Attaching Parts) 1(2), Y(2), AV(2), BC(2) 
TRANSFORMER COIL ASSEMBLY: 2 transformers mtd 
in bracket, epoxyed; mfr 90536, part no. 
7101981-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 

CIRCUIT CARD ASSEMBLY, CONTROL: Plug-in type, 
contains components epoxyed on printed wiring 
board; mfr 90536, part no. 7119455-00. 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Heferenc 0 Kotea 
Designation 


5A7C1 

5A7C2 

5A7C3 

5A7CR1 

thru 

5A7CR4 

5A7CR5 


5A7CR6 

thru 

5A7CR9 

5A7CR10 


5A7CR11 

5A7CR12 

5A7CR13 

5A7CR14 

5A7CR15 

5A7CR16 


5A7Q1 


5A7Q2 


5A7Q3 

5A7Q4 


Name and Description 


HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
16 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, part no. 
7101877-00. 

(Attaching Parts) W(2), AN(5), AX(5), BE(5) 
CAPACITOR, MICA DIELECTRIC: 750PF, +256, 

500VDCW; MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC DIELECTRIC: 47000PF, 
+10£, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 Amp, 50VDC, mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Parts) D(8) 

SEMICONDUCTOR DEVICE, DIODE: Power, 12 AMP, 

400VAC; MIL type 1N3893. 

(Attaching Parts) B(l), J(l), AX(l), BM(l) 
Same as 5A7CR1 (item no. 20) 


RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and 
CT assemblies, 100VDC, 10 AMP; mfr 12969, 
part no. 655-082-1, 90536, dwg 7903528-00. 

(Attaching Parts) I(l), Al(l), AV(l), BC(l) 
RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and 
CT assemblies, 100VDC, 10 AMP; mfr 12969, 
part no. 655-083-1, 90536, dwg 7903528-06. . 

(Attaching Parts) 1(3), Al(3), AV(3), BC(3) 
RECTIFIER, SEMICONDUCTOR DEVICE: Unitized, 
3-phase, full wave, 3 AMP, 400V piv per leg; 
mfr 12929, part no. 691-4, 90536, dwg 
7904496-03. 

(Attaching Parts) Z(6), Bl(6) 

TRANSISTOR: NPN, silicon; power, high voltage, 
325VDC, 100W; mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3), BN(3) 
TRANSISTOR: NPN ? silicon, power, Darlington; 
mfr 04713, part no. MJ1000, 90536, dwg 
7904415-00. 

(Attaching Parts) A(l), 1(2), Al(2), AV(2), 

BC(2), BL(2) 

TRANSISTOR: NPN, silicon, power, Darlington, 
80VDC; mfr 04713, part no. MJ4034, 90536, 
dwg 7904256-01. 


Figure 

Number 

(Item) 


(Attaching Parts) A(2) l(4),AI(4), AV(4), 
BC(4), BL(4) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CCNT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

5A7Q5 

5A7Q6 

5A7R1 

thru 

5A7R4 

5A7U1 


Same as 5A7Q1 (item no. 31) 

RESISTOR, FIXED, WIREUCUND: 0.10 ohm +1056, 3W; 
MIL type RW69VR10. 

INTEGRATED CIRCUIT, VOLTAGE REGULATOR: Mfr 
18234, part no. RC5109K, 90536, dwg 

7904270-01. 

(Attaching Parts) A(l), 1(2), AI(2), AV(2), 
BC(2), BL(2) 

CONTACT, ELECTRICAL: Male, crimp type, 22AWG, 
blue color code, 0.56 in. long; mfr 16512, 
part no. 540176, 90536, dwg 7903660-01 (42). 

.... - -. ■ 


Power Supply PP- 

/UYK-20(V) (Unit 6) 


6 

6L1 

6 PI 

6P2 

6T1 

6TE1 
’ 6TB2 

6 A1 

6A1C1 

6A1C2 

6A1C3 


POWER SUPPLY PP- /UYK-20(V): Provides power 

to each of the units within the data pro¬ 
cessor cabinet, operating power 208V, 400HZ, 
3-phase wye; mfr 90536, part no. 7101995-00. 
CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, part 
no. 7101974-00. 

(Attaching Parts) AN(2), AX(2), BE(2) 
CONNECTOR, PLUG, ELECTRICAL: Male: mfr 90536, 
mrt no. 7101883-00. 

(“ttaching Parts) AC(4), AIK'4) 

TRANSFORMER ASSEMBLY: Mfr 90536, part no. 
7126376-00. 

(Attaching Parts) AN(6), AX(6), EE(6) 
not used 

TERMINAL B'ARD: Barrier tyoe, 5 terminals: mfr 
• 75382, part no. 354-28-05-001, 90536, dwg 

904862-09. 

(Attaching Parts) 1(2), Al(2), AV(2), ?C(2). 

Bl(2) 

ELECTRONIC CMP'LENTS ASSEMBLY: 3-phase, 400HZ, 
contains 3 capacitors and 1 choke; mfr 90536, 
part no. 7101982-00. 

(Attaching Parts) AN(A), AX(4), BE(4) 
CAPACITOR, FIXED, ELECT?/LYTIC: A1 can, 68' UF, 
± 15 %, 250V; MIL type CE71C681M. 

(Attaching Parts; AN(2), BE(2) 

CAPACITOR, FIXED, ELECTROLYTIC: 120UF, - 15 %, 

+30 %, 150V; mfr 56289, part no. 

112D127C3150Y1, 90536, dwg 7901635-13. 

1 

1 

1 
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TABLE 7-2. BATA PROCESSING SET AN/UIK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference Noifcefl 
Designation 


6A1U 


6A2TB1 

6A2TB2 

6A2TB3 

6A2TB4 


6A2TB5 


6A4C1 

6A4C2 


6A4KL 


Name and Description 


PLATE ASSEMBLY, CHOKE: Mfr 90536, part no. 
7101987-00. 

(Attaching Parts) AJ( 4 ), AV( 4 ) 

OUTPUT FILTER ASSEMBLY: Contains 2 capacitor 
boards, 1 inductor choke assy, and- 3 
terminal boards; mfr 90536 , part no. 
7101978-00. 

(Attaching Parts) AN( 6 ), AX( 6 ), BE( 6 ) 
not used 

TERMINAL BOARD: Barrier type, 7 terminals; mfr 
75382, part no. 600AY7, 90536, dvg 
904862-11. 

(Attaching Parts) AE( 8 ), BC( 8 ), BH( 8 ) 
TERMINAL BOARD: Barrier type, 4 terminals; mfr 
75382, part no. 600AY4, 90536, dwg 
904862-05. 

(Attaching Parts) AE( 4 ), BC(4), BH(4) 
CAPACITOR BOARD ASSEMBLY: 13 capacitors-and 2 
resistors mtd on board, epoxyed; mfr 90536 , 
part no. 7101951-00. 

(Attaching Parts) G(4), U( 4 ), AU(4), BB(4) 
CAPACITOR BOARD ASSEMBLY: 19 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536 , 
part no. 7101952-00. 

(Attaching Parts) G(4), U( 4 ), AU( 4 ), BB(4) 
INDUCTOR CHOKE ASSEMBLY: 8 chokes mtd on plate, 
epoxyed; mfr 90536. part no. 7101932-00. 

(Attaching Parts) 1(4), Bl( 4 ) 

FILTER ASSEMBLY, INPUT: 6 capacitors and 9 
chokes mtd in chassis, epoxyed; mfr 90536 , 
part no. 7101979-01. 

(Attaching Parts) AN(4), AX( 4 ), BE( 4 ) 
ELECTRONIC COMPONENTS ASSEMBLY: Contains 2. 
capacitors, 3 resistors, and 1 transformer 
mtd on bracket; mfr 90536 , part no. 

7101980-00. 

(Attaching Parts) AN( 3 ), AX(3), BE(3) 
CAPACITOR, FIXED, PAPER DIELECTRIC.: 1.0UF, 

± 10 %, 400VDCW; MIL type CVC9A1KE105KM. 
CAPACITOR, FIXED, GLASS DIELECTRIC: 5100PF, 
± 10 %, 300VDCW; mfr 14674, part no. 

CY20C512K, 90536, dwg 4912284-16. 

RESISTOR, FIXED, WIREWPUND: 0.1 ohm, + 1 %, 20W; 
MIL type RE70GR100. 

(Attaching Parts) G( 2 ), T(2), i AU(2), BB( 2 ) 


Figure 

Number 

(Item) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


6A4R2 

6A4R3 


6/7,71 


6A7C1 

6A7C2 

6A7C3 

6A7CR1 

thru 

6A7CR4 

6A7CR5 


6A7CR6 

thru 

6A7CR9 

6A7CR10 


6A7CR11 

6A7CR12 

6A7CR13 


Notes Name and Description 


RESISTOR, FIXED, FILM; 20GD0 ohto, + 2 %, 2W; 

MIL type M22684-04-0159. 

RESISTOR, FIXED, UIREirUND: 1 ohm, + 1 %, 5W; 

MIL type RE60G1R00. 

(Attaching Parts) P(2), S(2), BG(2) 

TPANSF-' RHER, P'UER, STEPDM/II: Control, single 
phase, 50-400HZ; mfr 16513, part no. 

MC4518, 90536, dwg 7904726-00. 

(Attaching Parts) l(2), T(2), AV(2), BC(2) 
TRANSFORMER COIL ASSEMBLY: 2 transformers mtd 
in bracket, epoxyed; mfr 90536, part no. 
7101981-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 

CIRCUIT CARD ASSEMBLY, CONTROL; Plug-in type, 
contains components epoxyed on printed wiring 
board; mfr 90536, part no. 7119455-00. 

HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
16 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, mart no. 
7101877-00. 

(Attaching Parts) T J(2), AIT(5), AX(5), BS(5) 
CAPACITOR, MICA DIELECTRIC; 75' PF, ± 2 %, 500VDC1A 
MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC DIELECTRIC: 47000PF, 
± 10 %, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 amp, 50VDC; mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Parts) D(8) 

SEMICONDUCTOR DEVICE, DIODE: P6wer, 12 AMP, 

400 VAC; MIL type 1N3893. 

(Attaching Parts) B(l),J(l), AX(l), BM(l) 
Same ns 6A7CR1 (item no. 20) 


Figure 

Number 

(Item) 


RECTIFIER, SEMICONDUCTOR DEVICE: 
CT assemblies, 100VDC, 10 /IIP; 
part no. 655-082-1. '90536, dwg 
(Attaching Parts; l(l), Al(l) 
RECTIFIER, SEMICONDUCTOR DEVICE: 
CT assemblies, 100VDC, 10 AMP; 
part no. 655-083-1. 90536, dwg 
(Attaching Parts) 1(3), AI(3) 


Doubler and 
mfr 12969, 
7903528-00. 

, AV(l), BC(l) 
Doubler and 
mfr 12969, 
7903528-06. 

, AV(3), BC(3) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(item) 

6A7CR14 

6A7CR15 

6A7CR16 

6A7Q1 

6A7Q2 

6A7Q3 

6A7Q4 

6A7Q5 

6A7Q6 

6A7R1 

thru 

6A7R4 

6A7U1 

v t 


RECTIFIER, SEMICONDUCTOR DEVICE:- Unitized, 
3-phase, full wave, 3 AMP, 400V piv per leg; 
mfr 12929, part no. 691-4, 90536, dvg 
7904496-03. 

(Attaching Parts) Z( 6 ), BI( 6 ) 

TRANSISTOR; NPN, silicon, power, high voltage, 
325VDC, lOOWj mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3), BN(3) 

TRANSISTOR: NPN, silicon, power, Darlington \ 
mfr 04713, part no. MJ1000, 90536, dwg 
7904415-00. 

(Attaching Parts) A(l), 1(2), AI( 2 ), AV(2), 

BC(2), BL(2) 

TRANSISTOR; NPN, Silicon, power, Darlington, 

80 VDC; mfr 04713, part no. MJ4034, 90536, dwg 
7904256-01. 

(Attaching Parts) A( 2 ), 1(4), Al(4), A.V(4) 

BC(4), BL(4) 

Same as 6A7Q1 (item no. 31) 

RESISTOR, FIXED, WIREWOUND: 0.10 ohm, + 10 %, 

3 W; MIL type RW69VR10. 

INTEGRATED CIRCUIT, VOLTAGE REGULATOR; Mfr 
18234, part no. RC5109K, 90536, dwg 

7904270-01. 

(Attaching Parts) A(l), 1(2), AI( 2 ), AV(2) 

BC( 2 ), BL( 2 ) 

CONTACT, ELECTRICAL: Male, crimp type 22AWG, 
blue color code, 0.56 in. long; mfr 16512 , 
part no. 540176, 90536, dwg 7903660-01 ( 42 ). 


Power Supply PP- /UYK-20(V) (Unit 7) 

7 

7L1 

7P1 

7P2 

*- 

POWER SUPPLY PP- 7UYK-20(V): Provides power 
to each of the units within the data processor 
cabinet, operating power 115V, 400HZ, single 
phase; mfr 90536, part no. 7101875-00. 

CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, part no. 
7101974-00. 

(Attaching Parts) AN( 2 ), AX( 2 ), BE(2) 
CONNECTOR, PLUG, ELECTRICAL: Male; mfr 90536, 
part no. 7101883-00. 

(Attaching Parts) AC( 4 ), AU(4) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


7A1C1 


7A1C2 

7A1C3 


7A2TB1 

7A2TB2 

7A2TB3 

7A2TB4 


7A2TB5 


7A3C1 


Notes Name and Description 


not used 

TERMINAL B ARD: Barrier type, 5 terminals; mfr 
75382, part no. 354-28-05-001, 90536, dwg 
904862-09. 

(Attaching Parts) G(2), AF(2), AU(2), BB(2) 
CAPACITOR ASSEMBLY: Single phase, 40’0HZ, 
contains 3 capacitors; mfr 90536, part no. 
7128002-00. 

(Attaching Parts) AN(4), AX(4), BE (4) 
CAPACITOR, FIXED, ELECTRO LYTIC: .11 can, 68OUF, 
* 15 %, 2507; MIL type CE71C681M. 

TAttaching Parts) AN(2), BE(2) 

CAPACITOR, FIXED ELECTROLYTIC: 120UF, - 15 %, 
+ 30 %, 150V; mfr 56289, part no. 

112D127C3150Y1, 90536, dwg 7901635-13. 

(OUTPUT FILTER ASSEMBLY: Contains 2 capacitor 
boards, 1 inductor choke assy, and 3 terminal 
boards; mfr 90536, part no. 7101978-00. 

(Attaching Parts) AN(6), AX(6), BE(6) 
not used 

TERMINAL BOARD: Barrier type, 7 terminals; 
mfr 75382, part no. 600AY7, 90536, dwg 
904862-11. 

(Attaching Parts) BC(8), AE(8), BH(8) 
TERMINAL B n ARD: Barrier type, 4 terminals; mfr 
75382, part no. 6OOAY4, 90536, dwg 904862-05. 

(Attaching Parts) BC(4), AE(4), BH(4) 
CAPACITOR BOARD ASSEMBLY: 13 Capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536, 
part no. 7101951-00. 

(Attaching Parts) G(4), U(4), AU(4), BB(4) 
CAPACITOR BOARD ASSEMBLY;. 19 capacitors and 
2 resistors mtd on board, epoxyed; mfr 
90536, part no. 7101952-00. 

(Attaching Parts) G(4), U(4), AU(4), BB(4) 
INDUCTOR CHOKE ASSEMBLY: 8 chokes mtd on plate, 
epoxyed; mfr 90536. part no 7101932-00. 
(Attaching Parts) I( 4 ), BI ( 4 ) 

FILTER ASSEMBLY, INPUT: 400HZ single phas% 1 
capacitor, 1 terminal board, and 2 chokes mtd 
in chassis; mfr 90536, part no. 7128001-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 
CAPACITOR FIXED, PLASTIC DIELECTRIC: 2.5UF, 
+10$, 400VDCU; mfr 56289, part no. 

260P25594S^ 90536, dwg 7903001-13. 


Figure 

Number 

(Item) 








TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reforence 

Dasignation 

Notes 

Name and Description 

Figure 

Number 

(item) 

7A3L1 

7A3L2 

7A3TB1 

7A4 

7A4C1 

7A4C2 

7A4R1 

7A4R2 

7A4R3 

7A4T1 

7A5 

7a6 

7A7 _ 

7A7C1 

7A7C2 

7A7C3 

7A7CR1 

thru 

7A7CR4 


CHOKE: Mfr 90536, part no. 7101977-15. 

Same as 7TB2 (item no. 26 ) 

(Attaching Parts) AD(2), AU(2), BB(2) 
ELECTRONIC COMPONENTS ASSEMBLY: Contains 2 
capacitors, 3 resistors, and 1 transformer 
mtd on bracket; mfr 90536, part no. 

7101980-00. 

(Attaching Parts) AM(3), AW(3), BD(3) 
CAPACITOR, FIXED, PAPER DIELECTRIC: 1.0UF, 

+10$, 400VDCW; MIL type CV09A1KE105KM. 
CAPACITOR, FIXED, GLASS DIELECTRIC: 5100PF, 
±10$, 300VDCW; mfr 14674, part no. CY20C512K, 
90536, dwg 4912284-16. 

RESISTOR, FIXED, WIREWOUND: 0.1 ohm, +1$, 20 W; 
MIL type RE70GR100. 

(Attaching Parts) G(2), T(2), AU(2), BB(2) 
RESISTOR, FIXED, FILM: 20000 ohm, +2$, 2W; 

MIL type M22684-04-0159. 

RESISTOR, FIXED WIREWOUND: 1 ohm, +1$, 5W; MIL 
type RE60G1R00. ~ 

(Attaching Parts) P(2), S(2), BG(2) 
TRANSFORMER, POWER STEPDOWN: Control single 
phase, 50-400HZ; mfr 16513, part no. MC4518, 
90536, dwg 7904726-00. 

(Attaching Parts) 1(2), Y(2), AV(2), BC(2) 
TRANSFORMER C'IL ASSEMBLY: 2 transformers mtd 
in bracket, eooxyed; mfr 90536, mart no. 
7101981-00. 

(Attaching Parts) AIT (4), AX(4), BE(/.) 

CIRCUIT CARD ASSEMBLY, CONTROL: Plug-in type, 
contains components epo;gmd on printed 
wiring board; mfr 90536, part no. 7119455-00. 
HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
14 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, mart no. 
7101877-01. 

(Attaching Parts) W(2), AN(5), AX(5), BE(5) 
CAPACITOR, MICA DIELECTRIC: 750PF, + 2 %, 

500VDCW; MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC, DIELECTRIC: 47000PF, 
+10$, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 AMP, 50VDC; mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Part) D(8) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


7A7CR5 


7A7CR6 

thru 

7A7CR9 

7A7CR10 


7A7CR11 

7A7CR12 

7A7CR13 

7A7CKL4 


7A7Q1 


7A7Q2 


7A7Q3 
7A7 C24 


'7A7Q5 

7A70.6 

7A7R1 

thru 

7A7R4 

7A7U1 


Notes 


7A8K1 


Name and Description 


SEilIC r NDUC T r R DEVICE, Dir DS: Power, 12 AMP, 
400 VAC; MIL type 1N3893. 

(Attaching Parts) B(l), J(l), AX(l) BM(l) 
Sane as 7A7CR1 (item no. 20) 


RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and 
CT assenblies, 100VDC, 10 AMP; mfr 12969, 
part no. 655-082-1, 90536, dwg 7903528-00. 

(Attaching Parts I(l), Al(l) AV(l), BC(l) 
RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and 
CT assemblies 100VDC, 10 AMP; mfr 12969, 

part no. 655-083-01, 90536, dwg 7903528-06. 

(Attaching Parts) 1(3), Al(3), AV(3), BC(3) 
RECTIFIER, SEMICONDUCTOR DEVICE: Single phase, 
full wave bridge, 25 AMP, 400V; mfr 12929, 
part no. 655-081-4. 90536,dwg 7903529-03. 

(Attaching Parts) J(l), AP(l), AX(l), BE(l) 
TRANSISTOR: NPN silicon, power, high voltage 
325VDC, 100W; /mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3) BN(3) 
TRANSISTOR; NPN silicon, power, Darlington; mfr 
04713, part no. MJ10Q0, 90536. dwg 7904415-00. 

(Attaching Parts) A(l), 1(2), AI(2), AV(2), 

BC(2), BL(2) 

Transistor; NPN, silicon, power, Darlington, 
80VDC; mfr 04713, part no. MJ4034, 90536, dwg 
7904256-01. 

(Attaching Parts)A(2), 1(4),AI(4),AV(4), 

BC(4), BL(4) 

Same as 7A7Q1 (item no. 31) 

RESISTOR, FIXED, UIRSWOUND: 0.10 ohm + 10 %. 3W; 
MIL type RW69VR10. 

IN1EGRATED CIRCUIT, VOLTAGE REGULATOR: Mfr 
18234, part no. RC5109K, 90536, dwg 
7904270-01. 

(Attaching Parts) A(l), 1(2), AI(2), AV(2), 

BC(2), BL(2) 

RELAY ASSEMBLY: Contains 1 relay and 1 resis¬ 
tor mtd on bracket; mfr 90536, part no. 
7126391-00. 

(Attaching Parts) AM(4), AW(4), BD(4) 

RELAY ARMATURE: 3 spst contacts, 115VAC, 400HZ; 
MIL type MS27418-1A. 

(Attaching Parts) AV(4) 


Figure 

Number 

(Item) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference Notes 
Designation 



Name and Description 


RESISTOR, FIXED, WIREWOUNDt. Supge limiting, 

3 ohm + 1 / 6 , 5 W; mfr 11502, part no. FW5446, 
90536, dvg 7904765-00. 

CONTACT, ELECTRICAL: Hale, crimp type* 22 AWG, 
blue color code, 0.56 in. long; mfr 16512 , 
part no. 540176, 90536, dvg 7903660-01 (42). 


Figure 

Number 

(Item) 



Power Supply $P- /UYK- 20 X(V) (Unit 8 ) 


8A1C1 


8A1C2 

8A1C3 

8A1L1 


8A2TB1 

8A2TB2 


POWER SUPPLY PP- /UYK-20X(V): Provides power 
to each of the units within the data 
processor cabinet, operating power 115V, 60HZ, 
3 -phase delta; mfr 90536 , part no. 

7101880-00# 

CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, part no. 
7101974-00. 

(Attaching Farts) AN( 2 ), AX(2), BE( 2 ) 
CONNECTOR, PLUG_ELECTRICAL _: Male, mfr 90536, 
part no. 7101883 - 00 . 

(Attaching Parts) AC( 4 ), AU(4) 

TRANSFORMER ASSEMBLY: Mfr 90536, part no. 
7128010-00. 

(Attaching Parts) AN( 6 ), AX( 6 ), BE( 6 ) 
TERMINAL BOARD: Barrier type, 5 terminals j mfr 
75382, part no. 354-28-05-001, 90536, dwg 
904862-09* 

(Attaching Parts) H(2), AF( 4 ), AU( 6 ), BB(2) 
ELECTRONIC COMPONENTS ASSEMBLY: 3-phase, 400HZ, 
contains 3 capacitors and 1 choke; mfr 
90536, part no. 7101982-00. 

(Attaching Parts) AN( 4 ), AX(4), BE( 4 ) 
CAPACITOR, FIXED, ELECTROLYTIC: A1 can, 680 UF, 
±15%, 250V; MIL type CE71C681M. 

(Attaching Parts) AN( 2 ), BE(2) 

CAPACITOR, FIXED, ELECTROLYTIC: 120UF, - 155 S, 
+30%, 150V; mfr 56289, part no. 112D127C3150Y1, 
90536, dwg 7901635-13. 

PLATE ASSEMBLY, CHOKE: Mfr 90536, part no. 
7101987-00. 

(Attaching Parts) AJ(4), AV( 4 ) 

OUTPUT FILTER ASSEMBLY: Contains 2 capacitor 
boards, 1 inductor choke assy, and 3 
terminal boards; mfr 90536 , part no. 

7101978-00. 

(Attaching Parts) AN( 6 ), AX( 6 ), BE( 6 ) 
not used 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CCNT.) 


Reforonce 

Designation 


8A2TB3 

8A2TB4 

8A2TB5 


8A4C1 

8A4C2 


8A4R1 


8A4R2 

8A4R3 


8A4T1 


Notes Name and Description 


TERMINAL BOARD: Barrier type, 7 terminals; mfr 
75382, part no. 600AY7, 90536, dwg 904862-11. 

(Attaching Parts)BC( 8 ), AE( 8 ), BH( 8 ) 

TERMINAL BOARD: Barrier type, 4 terminals; mf r 
75382, part no. 6 OOAY 4 . 90536. dwg.904862-05. 
(Attaching Parts) BC( 4 ), AE(4), BH(4) 

CAPACITOR B'ARD ASSEMBLY: 13 Capacitors and 2 
resistors mtd on board, enoxyed; mfr 90536 , 
part no. 7101951-00. 

(Attaching Parts) G(4), U(4), AU( 4 ), BB(4) 
CAPACITOR B'’ARD ASSEMBLY: 19 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536 , 
part no. 7101952-00. 

(Attaching Parts) G(4), U(4), AU( 4 ), BB(4) 
INDUCT'R CHOKE ASSEMBLY: 8 chokes mtd on plate, 
epoxyed: mfr 90536 , part no. 7101932 - 00 . 

(Attaching Parts) 1(4), BU( 4 ) 
not used 

ELECTRONIC COMPONENTS ASSEMBLY: Contains 2 
capacitors, 3 resistors, and 1 transformer 
mtd on bracket; mfr 90536 , part no. 
7101980-00. 

(Attaching Parts) AM(3), AW(3), BD(3) 
CAPACITOR, FIXED, PAPER DIELECTRIC: T.OJIJ + 10ft 
400VDCW; MIL type CV09A1KE105KM. 

CAPACITOR, FIXED, GLASS DIELECTRIC: 51J0PF, 

±10ft 300VDCW; mfr 14674, part no. CY20C512K, 
90536, dwg 4912284-16. 

RESISTOR, FIXED, WIREWOUND: 0.1 ohm, + 1%, 20W; 
MIL type RE70GR100. 

(Attaching Parts) G( 2 ), T( 2 ), AU( 2 ), BB( 2 ) 
RESISTOR, FIXED, FILM: 20000 ohm. ±2%, 2 U; MIL 
type M22684-04-0159. 

RESIST R, FIXED, UIREW: UND: 1 ohm, +1%, 5W; MIL 
type RE60G1R00. 

(Attaching Parts) P( 2 ), S(2), BG( 2 ) 

TRAiISF' RI'IER, Pri/SR, STEPD' T .7N: Control single 
phase, 50-400HZ; mfr 16513, part no. MC451S, 
90536, dwg 7904726-00. 

(Attaching Parts) 1(2). Y(2), AV( 2 ), BC( 2 ) 
TRAlTSFi RMER C r IL ASSEMBLY: 2 transformers mtd It. 
bracket, epoxyed; mfr 90536 , part no. 
7101981-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 

CIRCUIT CARD ASSEMBLY, CONTROL; plug-in type, 
contains components epoxyed on printed 
wiring board; mfr 90536 , part no. 7119455 - 00 . 


Figure 

Number 

(Item) 


7-26 









TABLE 7-2. DATA PROCESSING SET AN/UYK -20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


Notes 


8A7C1 

8A7C2 

8A7C3 

8A7CR1 

thru 

8A7CR4 

8A7CR5 


8A7CR6 

thru 

8A7CR9 

8A7CR10 


8A7CR11 

8A7CR12 

8A7CR13 

8A7CR14 

8A7CR15 

8A7CR16 


8A741 


8A7Q2 


8A7Q3 

8A7Q4 


8A7Q5 

8A7Q6 


Name and Description 


HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
16 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, part no. 
7101877-00. 

(Attaching Parts) W(2), AN(5), A*(5), BE(5) 
CAPACITOR, MICA DIELECTRIC: 750PF, + 2 %, 

500VDCW; MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC DIELECTRIC: 47000PF, 
+10*, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 AMP, 50VDC; mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Parts) D(8) 

SEMICONDUCTOR DEVICE, DIODE: Power, 12 AMP, 

400VAC; MIL type 1N3893. 

(Attaching Parts) B(i), J(l), AX(l), BM(l) 
Same as 8A7CR1 (item no. 20) 


RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and CT 
assemblies, 100VBC, 10 AMP; mfr 12969, part noi 
655-082-1, 90536, dwg 7903528-00. 

(Attaching Parts) l(l), AI(l), AV(l), BC(l) 
RECTIFIER,. SEMICONDUCTOR DEVICE: Doublerand 
CT assemblies, 100VDC, 10 AMP; mfr 12969, part 
no. 655-083-1, 90536, dwg 7903528-06. 

(Attaching Parts) 1(3), AI(3), AV(3), BC(3) 
RECTIFIER, SEMICONDUCTOR DEVICE: Unitized 
3-phase, full wave, 3 -"JIP, 400V piv per leg; 
mfr 12929, mrt no. 691-4, 90536, dwg 
79044,96-03/ 

(Attaching Parts) 3(6), Pl(6) 

TRANSISTOR: I7PIT, silicon, power, high voltage, 
325VDC, 100W; mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3), BN(3) 
TRANSISTOR: NPN, silicon, power, Darlington; 
mfr 04713, part no. MJ1000, 90536, dwg 
7004415-00. 

(Attaching Parts) A(l), 1(2), Al(2), AV(2), 

BC(2), BL(2) 

TRANSISTOR: NPN, silicon, power, Darlington, 
80VDC; mfr 04713, part no. MJ4034, 90536, dwg 
7904256-01. 

(Attaching Parts) A(2), 1(4), Al(4), AV(4), 

BC(4), BL(4) 

Same as 8A7Q1 (item no. 31) 


Figure 

Number 

(Item) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CENT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

8A7R1 

thru 

8A7R4 

8A7U1 


RESISTOR, FIXED, WIRENf UND: 0.10 ohm, +10%, 

3Wj MIL type RW69VR10. 

INTEGRATED CIRCUIT, VOLTAGE REGULAT'D: Mfr 
18234, part no. RC5109K, 90536, dwg 7904270-0: 
(Attaching Parts) A(l), 1(2), Al(2), AV(2), 
BC(2), BL(2) 

C NTACT ELECTRICAL: Male, crimp type* 22AJ7G, 
blue color code, 0.56 in. long; mfr 16512, 
part no. 540176, 90536, dwg 7903660-01 (42). 


Power Supply TV- /UYK-20X(V) (Unit 9) 

p 

9L1 

9P1 

9P2 

9T1 

9TB1 

9TB2 

9A1 

9A1C1 

9A1C2- 

9A1C3 

9A1L1 


r ’..TIE SUPPLY PP- /UYK-20X(V): Provides 

power to each of the units within the data 
processor cabinet, operating power 2097, 

60IIZ, 3-phase wye; mfr 90536, oart no. - 

7101990-00. 

CH KE ASSEMBLY, ELECTRIC;!,: Mfr 90536, part no. 
7101974-00. 

(Attaching Parts) AN(2), AX(2), BE(2) 

C NNECTf R, PLUG ELECTRICAL: Male, mfr 90536. 
part no. 7101883-00. 

(Attaching Parts) AC(4), AU(4) 

TRANSFORMER ASSEMBLY: Mfr 90536, part no. 
7128010-00. 

(Attaching Parts) AN(6), AX:(6), BE (6) 
TERMINAL BOARD: Barrier type, 5 terminals; 
mfr 75382, part no. 354-28-05-001, 90536, dwg 
904862-09. 

(Attaching Parts) Il(2), AF(4)> AU(6), BB(2) 
ELECTRONIC CoMPrUENTS .ASSEMBLY: 3-phase, 400UZ, 
contains 3 capacitors and 1 choke; mfr 

90536 part no. 7101982-00. 

(Attaching Parts) AIT(4 ), AX(a), BE(4) 
CAPACITOR, FIXED, ELECTROLYTIC: A1 can, 68 UF, 
+15!?, 250V; MIL type CE71C681M. 

(Attaching Parts) AN(2), BE(2) 

CAPACITOR, FIXED, ELECT?/ LYTIC: I20UF, -15%, 
+30!?, 150V; mfr 56289, part no. 

112D127C3150Y1, 90536, dwg 790l635-13i 

PLATE ASSEMBLY, CH'KE: Mfr 90536, part no. 
7101987-00. 

(Attaching Parts) AJ(4), AV(4) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(item) 

9A2 

9A2TB1 

9A2T32 

9A2TB3 

9A2TB4 

9A2TB5 

9A3 
%4_ - 

9A4C1 

9A4C2 

9A4R1 

9A4H2 

9A4R3 

9A4T1 


sUTPUT FILTER ASSEMBLY: Contains 2 capacitor 
boards, 1 inductor choke assy, and 3 
terminal boards; mfr 9053b, part no. 
7101978-00. 

(Attaching Parts) AN(6), AX(6), BE(6) 
not used 

TERMINAL BOARD: Barrier type, 7 terminals; mfr 
75382, part no. 600AY7, 90536, dwg 904862-11. 

(Attaching Parts) AE(8), BC(8), BH(C) 
TERMINAL B n ARD: Barrier type, 4 terminals, mfr 
75382, part no. 600AI4, 90536, dug 90/862-05. 

(Attaching Parts) AE(4), BC(4), BIl(4) 
CAPACITOR BOARD ASSEMBLY: 13 capacitors and 2 
resistors ntd on board, epcxved; mfr 

90536, part no. 7101951-00. 

(Attaching Parts) G(4), U(4), AU(4), LB(.i) 
CAPACITOR BOARD ASSEMBLY: 19 a-pncitorr and 2 
resistors r.;td on beard, eponyed; 11 Tr 

90539, part no. 7101952-09. 

(Attaching Parts) G(4), U(4), AU(4), BB(4) 
INDUCTOR CHILE ASSEMBLY: 8 choices ntd on plate,, 
epoxyed; mfr 90536. part no. 7101932-00. 

(Attaching Parts) 1(4), BI(4) 
not used 

ELEC Tit NIC CEIPYHENTS ASSEMBLY: Contains 2 
capacitors, 3 resistors, and 1 transformer 
:.'.td on bracket; mfr 90536, part no. 

7101980-00. 

(Attaching Parts) AIi(3), A’.:(3), BD(3) 

CAPACIT. R, FIXED, PAPER DIELECTRIC: l.OJF, 
vl0£, 400VBCY; MIL type C709.TLLE105EI. 
CAPACITOR, FIXED, GLASS DIELECTRIC: 51QOPF, 

+10,5, 300VDCU; ufr 14674, part no; CY20C512L 
90536, dwg 4912284-16. 

RESISTOR, FIXED, HIRE": URD: C.l olai, +1,8, 2CU; 
MIL type PJD70GR100. 

(Attaching Tarts) G(2), T(0), *U(2), BB(2) 
RESIST"R, FIXED, FILM: 20000 onm, +2%, 2W; MIL 
type M2268/-04-0159. 

IGJISTcr., FIXED, HIRE.A UHD: 1 ohm, +l£, 5N; MIL 
type RE60G1R00. 

(attaching Parts) P(2), 8(2), BG(2) 

TYEET .RHEA, P HER, STEPS T.<A: Control, sinola 
phase, 50-400113; mfr 19153, part no. MC/518, 
90536, dug 7904726-00. 

(Attaching Parts) .!(2), l(2), .*7(2), EC(2) 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

9A5 

9A6 

9A7 

9A7C1 

9A7C2 

9A7C3 

9A7CR1 

thru 

9A7CR4 

9A7CR5 

9A7CR6 

thru 

9A7CR9 

9A7CR10 

•9A7CE11 

9A7CR12 

9A7CKL3 

9A7CR14 

9A7CR15 

9A7CR16 

9A7Q1 

9A7Q2 


TPJJTSm-m C IL ASSEMBLY: 2 transformers ntd 
in bracket, encxved; nfr 9053 6 , Dart no. 
7101981-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 

CIRCUIT CARD ASSEMBLY, CONTROL : Plug-in type, 
contains components epoxyed on printed wiring 
board; mfr 90536, part no. 7119455-00. 

HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
16 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, part no. 
7101877-00. 

(Attaching Parts) W(2), AN(5), AX(5), BE(5) 
CAPACITOR, MICA DIELECTRIC: 750PF, +2%, 500 
VDCW; MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC DIELECTRIC? 47000PF, 
±10*, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 AMP, 50VDC; mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Parts) D(8) 

SEMICONDUCTOR DEVICE, DIODE: Power, 12 AMP, 

400VAC; MIL type 1N3893. 

(Attaching Parts) B(l), J(l), AX(l), BM(l) 
Same as 9A7CR1 (item no. 20) 

RECTIFIER, SEMICONDUCTOR DEVICE: ' Doubler and 

CT assemblies, 100VDC, 10 AMP; mfr 12969, 
part no. 655-082-1. 90536, dwg 7903528-00. 

(Attaching Parts) l(l), Al(l), AV(l), BC(l) 
RECTIFIER, SEMIC' ITDUCT R DEVICE: Doubler and 

CT assemblies, 100VDC, 10 /IIP; mfr 12969, part 
no. 655-083-1, 90536, dwg 7903528-06. 

(Attaching Parts) 1(3), Al(3), AV(3), BC<3) 
RECTIFIER, SEMICONDUCTOR DEVICE: Unitized, 
3-phase, full wave, 3 /IIP, 400V piv per leg; 
mfr 12929, part no. .691-4, 90536, dwg 
7904496-03. 

(Attaching Parts) Z(6), BI(6) • 

TRANSISTOR: NPN, silicon, power, high voltage, 
325VDC, lOOWj mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3), BN(3) 
TRANSISTOR: NPN,silicon, power, Darlington; 
mfr 04713, part no. MJ1000, 90536, dwg 
7904415-00. 

(Attaching Parts) A(l), 1(2), Al(2), AV(2), 

BC(2), BL(2) 










TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X( V) , PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

9A7Q3 

9A7Q4 

9A7Q5 

9A7Q6 

9A7B1 

thru 

9A7R4 

9A7U1 


TRANSISTOR: NPN, silicon, power Darlington, 
80VDC; mfr 04713, part no. MJ4034, 90536, dwg 
7904256-01. 

(Attaching Parts) A(2), 1(4), Al(4), AV(4), 
BC(4), BL(4) 

Same as 9A7Q1 (item no. 31) 

RESISTOR, FIXED, WIREWOUND; 0.10 ohm, +1056, 

3Uj MIL type RW69VKL0. 

INTEGRATED CIRCUIT, VOLTAGE REGULATOR: Mfr 
18234, part no. RC5109K, 90536, dwg 

7904270-01. 

(Attaching Parts) A(l), 1(2), AI(2), AV(2), 
BC(2), BL(2) 

CONTACT, ELECTRICAL: MaLe, crimp type, 22AWG, 
blue color code, 0.56 in. long; mfr 16512, 
part no. 540176, 90536, dwg 7903660-01 ( 42 ). 


Power Supply fp- 

/UYX-20X(V) (Unit 10) 


10 

10C1 

10L1 

10P1 

10P2 

10TB1 

10TB2 

10A1 


' POWER SUPPLY PP- /UYK-20X(V): Provides power 

to each of the units within the data processor 
cabinet, operating power 115V, 60HZ, single 
phase; mfr 90536, part no. 7101885-00. 
CAPACITOR, FIXED, PAPER DIELECTRIC: 15UF, + 10 %, 
370VACUj mfr 56289, part no. 200P2176, 90536, 
dwg 7901282-08. 

(Attaching Parts) AN(4), AX(4), BE(4) 

CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, part no. 
7101974-00. 

(Attaching Parts) AN(2), AX(2), BE(2) 
CONNECTOR, PLUG, ELECTRICAL: Male; mfr 90536, 
part no. 7101883-00. 

(Attaching Parts) AC(4), AU(4) 
not used 

TERMINAL BOARD: Barrier type, 5 terminals; mfr 
75382, part no. 354-28-05-001, 90536, dwg 
904862-09. 

(Attaching Parts) G(2), AF(2), AU(2), BB(2) 
CAPACITOR ASSEMBLY: Single phase, 60HZ, 
contains 3 capacitors; mfr 90536, part no. 
7126398-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 
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Referonco 

Designation 


Notes 


Name and Description 


10A1C1 

10A1C2 

10A1C3 

10A2 

10A2TB1 

10A2TB2 

10A2TB3 

10A2TB4 

10A2TB5 


10 A 3 

10A3TB1 

10A4 

10A4C1 

10A4C2 


CAPACITOR, FIXED, ELECTROLYTIC: A1 can, 

2200UF, ±18%, 250V: MIL type CE71C222M. 

(Attaching Parts) AQ( 2 ), AZ(2) 

CAPACITOR, FIXED ELECTROLYTIC: 120UF, -15%, 
+30%, 150V; mfr 56289, part no. 

112D127C3150Y1, 90536, dwg 7901635-13. 

OUTPUT FILTER ASSEMBLY: Contains 2 capacitor 
boards, 1 inductor choke assy, and 3 
terminal boards; mfr 90536 , part ho. 
7101978-00. 

(Attaching Parts) AN( 6 ), AX( 6 ), BE( 6 ) 
not used 

TERMINAL B r ARD: Barrier type, 7 terminals; mfr 
75382, part no. 600AY7, 90536, dwg 904862-11. 

(Attaching Parts) AE( 8 ), BC( 8 ), BH( 8 ) 
TERMINAL BOARD: Barrier type, 4 terminals; 
mfr 75382, part no. 600AY4, 90536, dwg 
904862-05. 

(Attaching Parts) AE( 4 ), BC( 4 ), BH( 4 ) 
CAPACITO'R BOARD ASSEMBLY: 13 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536 , 
part no. 7101951-00. 

(Attaching Parts) G(4), U(4), AU(4), BB( 4 ) 
CAPACITOR BOARD ASSEMBLY: 19 capacitors and 2 
resistors mtd on board, epoxyed; mfr 90536 , 
part no. 7101952-00. 

(Attaching Parts) G( 4 ), U(4), AU(4), BB( 4 ) 
INDUCTOR CHOKE ASSEMBLY: 8 chokes mtd on plate, 
epoxyed; mfr 90536. part no. 7101932-00. 

(Attaching Parts) 1(4), BI( 4 ) 

FILTER ASSEMBLY, INPUT: 60HZ single phase, 1 
terminal board, and 3 chokes mtd in chassis, 
epoxyed; mfr 90536 . part no. 7126397 - 00 . 

(Attaching Parts) AN( 4 ). AX(4), BE( 4 ) 

Same as 10TB2 (item no. 26 ) 

(Attaching Parts) AD( 2 ), AU( 2 ), BB( 2 ) 
ELECTRONIC COMPONENTS ASSEMBLY: Contains 2 
capacitors, 3 resistors, and 1 transformer 
mtd on bracket; mfr 90536 , part no. 7101980-00. 

(Attaching Parts) AM( 3 ), AW(3), BD( 3 ) 
CAPACITOR, FIXED, PAPER DIELECTRIC: l.CUF, ±10%, 
400VDCU; MIL type CV09A1KE105KM. 

CAPACITOR, FIXED, GLASS DIELECTRIC: 5100PF, 

+ 10 ^, 300VDCW; mfr 14674, part no. CY20C512K, 
90536, dwg 4912284-16. 







TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


10A4RI 


10A4R2 

10A4R3 


10A4T1 


Notes 


Name and Description 


Figure 

Number 

(Item) 


10A6 


10A7 


10A7C1 

10A7C2 

10A7C3 

10A7CR1 

thru 

10A7CR4 

10A7CR5 


10A7CR6 

thru 

10A7CR9 

10A7CR10 


10A7CR11 

10A7CR12 

10A7CR13 


single 


RESISTOR, FIXED, WIREWOUND: 0.1 ohm +1%, 20W; 
MIL type RE7QGR100. 

(Attaching Parts) G(2), T(2), AU(2), BB(2) 
RESISTOR, FIXED, FILM: 20000 ohm, +2%, 2W; 

MIL type M22664-04-0159. ~ • 

RESISTOR, FIXED WIREWOJND: 1 ohm, +1%, 5W; MIL 
type RE60G1R00. ” 

(Attaching Parts) P(2), S(2), BG(2) 
TRANSFORMER, POWER, STEPdHjN: Control, single 
phase, 50-400H2; mfr 16513, part no. MC4518, 
90536, dwg 7904726-00. 

(Attaching Parts) 1(2), Y(2), AV(2), BC(2) 
TRANSFORMER COIL ASSEMBLY: 2 transformers mtd 
in bracket, epoxyed; mfr 90536, part no. 
7101981-00. 

(Attaching Parts) AN(4), AX(4), BE(4) 
CIRCUIT CARD ASSEMBLY, CONTROL: Plug-in type, 
contains components epoxyed on printed wiring 
board; mfr 90536, part no. 7119455-00. 

HEAT EXCHANGER ASSEMBLY: Contains 3 capacitors, 
14 diodes, 6 transistors, 4 resistors, and 1 
integrated circuit; mfr 90536, part no. 
7101877—01 

(Attaching Parts) W(5), AN(5), AX(5), BE(5) 
CAPACITOR, MICA DIELECTRIC: 750PF, +2% f 
500VDCW; MIL type CM06FD751G03. 

CAPACITOR, FIXED, CERAMIC DIELECTRIC: 47000PF, 
±10#, 50VDCW; MIL type CK05BX473K. 
SEMICONDUCTOR DEVICE, DIODE: Silicon, medium 
power, 30 AMP, 50VDC; mfr 03877, part no. 
SR1595, 90536, dwg 7901637-05. 

(Attaching Parts) D(8) 

SEMICONDUCTOR DEVICE, DIODE: Power 12 AMP, 
400VAC; MIL type 1N3893. 

(Attaching Parts) B(l), J(l), AX(l), BM(l) 
Same as 10A7CR1 (item no. 20) 


RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and CT 
assemblies, 100VDC, 10 AMP; mfr 12969, part no. 
655-082-1, 90536, dwg 7903528-00. 

(Attaching Parts) l(l), AI(l), AV(l), BC(l) 
RECTIFIER, SEMICONDUCTOR DEVICE: Doubler and CT 
assemblies, 100VDC, 10 AMP; mfr 12969, part no. 
655-083-1, 90536, dwg 7903528-06. 

(Attaching Parts) 1(3), AI(3), AV(3), BC(3) 
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TABLE7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


10A7CR14 


10A7Q1 


10A7Q2 


10A7Q3 

10A7Q4 


10A7Q5 

10A7Q6 

10A7R1 

thru 

10A7E4 

10A7U1 


lOAsn 


ioacei 


Notes Name and Description 


RECTIFIER, SEMICONDUCTOR DEVICE: Single phase, 
full wave bridge, 25AMP, 400V,• mfr 12929, 
part no. 655-081-4. 90536, dvg 7903529-03. 

(Attaching Parts) J(l), AP(l), AX(l), BE(l) 

TRANSISTOR: NPN, silicon, power, high voltage, 
325VDC, lOOWj mfr 21845, part no. SDT8821, 
90536, dwg 7901448-00. 

(Attaching Parts) C(3), E(3), AY(3), BN(3) 

TRANSISTOR: NPN, silicon, power, Darlington; 
mfr 04713, part no. MJ1000, 90536, dwg 
7904415-00. 

(Attaching Parts) A(l), 1(2), AI(2), AV(2), 

BC(2), BL(2) 

TRANSISTOR: NPN, silicon, power, Darlington, 

80VDC; mfr 04713, part no. MJ4034, 90536, dwg 
7904256-01. 

(Attaching Parts) A(2), 1(4), Al(4), AV(4), 

BC(4), BL(4) 

Same as 10A7Q1 (item no. 31) 

RESISTOR, FIXED, WUffiWOUND: 0.10 ohm + 10 %, 3VJ; 
MIL type RU69VR10. 

INTEGRATED CIRCUIT, V'LTAGE REGULATOR: Mfr 
10234, part no. RC5109K, 90536, dwg 
7904270-01. 

(Attaching Parts) A(l), 1(2), Al(2), AV(2), 

BC(2),.BL(2) 

RELAY ASSEMBLY: Contains 1 relay and 1 

resistor ntd on bracket; mfr 90536, nart no. 
7126391-00. 

(Attaching Parts) AJI(A), AMU), BD(4) 

RELA’4 AEmTUEE: 3 snst contacts, 115V..0, 400IIE: 
MIL type MS27410-] A. 

(Attaching Part) -7(4) 

RESIST E, FIXED, EIRE'.; IJIID: Surge limiting, 3 
ohm, + 1 %, 5N; mfr 11502, part no. PV15446, 
90536, dwg 7904765-00. 

C REACT, ELECTRICAL: Hale, crimp type 22A’,’G, 
blue color codo, O.56 in. long; nfr 16512, 
part no. 540176, 90536, dwg 7903660-01 (42). 


Figure 
Number 
(Item) 










TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V) , PARTS LIST (CHIT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

Processor-Verifier Unit CP- (P)/UYK-20(V) (Unit 11) ' 

11 

11B1 

11C1 

11J1 ; 
thru 

11J33 

11J34 

11TB1 


PROCESSOR-VERIFIER UNIT CP- (P)/UYT.-20(V): 

Performs the arithmetic and data processing 
operation as directed, operating power 115VAC , 
400HZ, 3-phase delta or 208VAC, 400IIZ, . : 

3-phase wye or 115VAC, 400HZ, single phase; 
mfr 90536, part no. 7128031-00. 

FAN AXIAL: C’J rotation, aluminum case, 4.688 
in. sq, 1.5 in. thick; mfr 82877, part no. 
810DS TYPE ST, 90536, dwg 7901420-01. 
(Attaching Parts) R(4)» Y(4), 31(4) 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 1.39 UF, 
+102, 400VDCN; mfr 56289, part no. 

260P39494S2, 90536, dwg 7903001-33. 

not used 

CONNECTOR RECEPTACLE, ELECTRICAL: Male 5- 
contact; MIL type MS120E14-5P. 

(Attaching Parts) AC(4), 3B(4), BH(4) 

TERMINAL B ARD: Barrier type, 8 terminals; mfr 
75382, part no. 410-8, 90536, dwg 4912642-07. 
(Attaching Parts) G(4), Q(4), AB(4), BB(A), 
311(12)' 

CIRCUIT CARD ASSEMBLY: ARITHMETIC L'GIC UNIT; 
mfr 90536, part no. 7092175-01 (4). 

CIRCUIT CARD ASSEMBLY: ARITHMETIC LOGIC CONTROL 
UNIT; mfr 90536, part no. 70902181-01 (l). 

CIRCUIT CARD ASSEMBLY: ALU CONTRL II; mfr 
90536, part no. 7125415-01 (l). 

CIRCUIT CARD ASSEMBLY: MICRO REGISTER; mfr 
90536, part no. 7092185-01 (3). 

CIRCUIT CARD ASSEMBLY: MICE C NEPAL- mfr 

90536, part no. 7092192-01 (l). 

CIRCUIT CARD ASSEMBLY: BRANCH CENTRAL; mfr 
90536, part no. 7092195-01 (l). 

CIRCUIT CARD ASSEMBLY: REPEAT C IITROL; mfr 
90536, part no. 7092200-01 (l). 

CIRCUIT CARD ASSEMBLY: S URGE AND DEGTINATI' II 
TIUIIS; mfr 90536, part no. 7092206-01 (l). 

CIRCUIT CARD ASSEMBLY: ILIM RY CTITR L; mfr 
90536, part no. 7125665-01 (l). 

CIRCUIT CARD ASSEMBLY: SPECIAL MEMORY INTERFACE: 
mfr 90536, part no. 7126155-01 (2). 

. 
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Designation 

11 (Cont.) 










TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


j Figure 

Notes Name and Description Number 

(Item) 


Reference 

Designation 



Processor-Verifier Unit CP- 


CIRCUIT CARD ASSEMBLY: INTERRUPT STORAGE; mfr 
90536, part no. 7126185-01 (l). 

CIRCUIT CARD ASSEMBLY: TRANSLATOR CONTROL AND 
TIMING; mfr 90536, part no. 7126195-01 (l). 


it CP- (P)/tJYK-20X(V) (Unit 12) ' 



12B1 


12J1 

thru 

12J33 

12J34 


12TB1 


PROCESSOR-VERIFIER UNIT: CP- (P)/UYK-20X(V> 
Performs the arithmetic and data processing 
operations as directed, operating power 115 
VAC,60HZ, 3-phase delta or 208VAC, 60HZ, . 

3-phase wye or 115VAC, 60HZ, single phase; 
mfr 90536, part no. 7128031-01. 

FAN, AXIAL: Cw rotation, aluminum case, 4.688 
in. sq, 1.5 in. thick; mfr 82877, part no. 
682YS TYPE ST, 90536, dug 7901420-03. 
(Attaching Parts) R(4), 1(4), Bl(4) 
CAPACITOR FIXED, PLASTIC DIELECTRIC: 1.0UF, 
+10y6, 400VDCW; mfr 56289, part no. 
260P10594S2, 90536, dwg 7903001-11. 
not used 


CONNECTOR, RECEPTACLE, ELECTRICAL: Male, 5- 
contact; MIL type MS120E14-5P. 

(Attaching Parts) AC( 4 ), BB(4), BH(4) 

TERMINAL BOARD: Barrier type, 8 terminals; mfr 
75382, part no. 410-8, 90536, dwg 
4912642-07. 

(Attaching Parts) G(4), Q(4), AB(4), BB(4), 

BH(12) 

CIRCUIT CARD ASSEMBLY: ARITHMETIC LOGIC UNIT; 
mfr 90536, part no. 7092175-01 ( 4 ). 

CIRCUIT CARD ASSEMBLY: VOITHMETIC L "GIG 
0 I7TR- L UNIT} mfr 90536, part no. 

70902101-01 (1). 


CIRCUIT CARD 


C UTR L 


90536, oart no. 7125/15-d (l). 

CIRCUIT CARD ASSEMBLY: MICE' REGISTER; nfr 
90536, part no. 7092185-01 ( 3 ). 

CIRCUIT CARD ASSEMBLY: MICRO CONTROL; mfr 
90536, part no. 7092192-01 (l). 

CIRCUIT CARD ASSEMBLY: BRANCH CONTE L; mfr 
90536, part no. 7092195-01 (l). 

CIRCUIT CARD ASSEMBLY: REPEAT C NTR'L; mfr 
90536, nart no. 7092200-01 (l). 
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Reference 

Designation 


12 (Cont.) 



Name and Description 


') .'Rri'RT”; vrrr, uectIU'^t 

Fr 90536 , part no. 7092206-01^' (IT. 


c lfpiro 
N 12 r.be r 
(Item) 


CIRCUIT CARD ASSEMBLY: MR!! RY C NTPAL ; nfr 
90536, nart no. 7125665-01 (l). 

CIRCUIT CARD ASSEMBLY: SPECIAL MEMORY INTER¬ 
FACE; mfr 90536, part no. 7126155-01 (2). 

CIRCUIT CARD ASSEMBLY: P-BKPT-MEM ADDRESS 
REGISTERS; mfr 90536, part no. 7125310-01 (2) 

CIRCUIT CARD ASSEMBLY: SHIFT MATRIX INPUT 
REGISTERS; mfr 90536, part no. 7126130-01 (l) 

CIRCUIT CARD ASSEMBLY: SHIFT MATRIX C NTR'L; 
mfr 90536, part no. 7126135-01 (l). 

CIRCUIT CARD ASSEMBLY: CLXK; mfr 90536, part 
no. 7092031-01 (1). 

CIRCUIT CARD ASSEMBLY: NDR 1 , PANEL INTERFACE; 
mfr 90536, part no. 7126145-01 (l). 

CIRCUIT CARD ASSEMBLY: M N CLK C'TfT, RESUME, 
DUAL CHAN; mfr 90536, part no. 7126160-01 (l) 

CIRCUIT CARD ASSEMBLY: l/ r Cr'NT MEM & INDEXING 
L~GIC; nfr 90536, part no. 7125306-01 ( 4 ). 

CIRCUIT CARD ASSEMBLY: TRANSLAT'D; nfr 90536, 
part no. 7126170-01 (l). 

CIRCUIT CARD ASSEMBLY: U C'NTR'L 15; mfr 
90536, part no. 7126190-01 (l). 

CIRCUIT CARD ASSEMBLY: “SCILLAT R, 20 MHZ; mfr 
90536, part no. 7126200-01 (l). 

CIRCUIT CARD ASSEMBLY: P + STATUS RGTR RTC + 
PSV SEL; mfr 90536, part no. 7125380-01 ( 2 ). 

CIRCUIT CARD ASSEMBLY: INSTRUCTION REGISTER 
0-7; mfr 90536, part no. 7125240-01 (l). 

CIRCUIT CARD ASSEMBLY: EMULATE CONTROL I; mfr 
90536, part no. 7125236-01 (l). 

CIRCUIT CARD ASSEMBLY: EMULATE C' NTR'L II; 
mfr 90536, part no. 7125385-01 (l). 

CIRCUIT CARD ASSEMBLY: PAGE REGISTERS; mfr 
90536, part no. 7125405-01 (l). 

CIRCUIT CARD ASSEMBLY: I/O PRIORITY; mfr 90536, 
part no. 7126175-01 (1). 

CIRCUIT CARD ASSEMBLY: 1/ PRTRITY CONTROL AND 
TIMING; mfr 90536, part no. 7126180-01 (l). 

CIRCUIT CARD ASSEMBLY: JUMP AND IA; mfr 90536, 
part no. 7126165-01 (l). 

CIRCUIT CARD ASSEMBLY: MULTIPLY C NTR'L; m f r 
90536, part no. 7126140-01 (l). 
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TABLE 7-2. DATA PROCESSING SET All/UYK-20(V) /AID Ai:/UiT-20X( V), PARTS LIST (CONT.) 


Figure 

Number 

(Item) 


Reference 

Designation 


Notes 


Name and Description 



CIRCUIT CARD ASSEMBLY: SHIFT MATRIX; mfr 
90536, part no. 7125500-01 (2). 

CIRCUIT CARD ASSEMBLY: TOO BIT MULTIPLY; mfr 
90536, nart no. 7126125-01 (2). 

CIRCUIT CARD ASSEMBLY: U MEM BANK SELECT AND 
MISC; mfr 90536, part no. 7126205-01 (l). 

CIRCUIT CARD ASSEMBLY: I/O DATA DRIVE Sc 
MONITOR CLOCK,* mfr 90536, part no. 

7126150-01 (l). 

CIRCUIT CARD ASSEMBLY: INTERRUPT STORAGE; mfr 
90536, part no. 7126185-01 (l). 

CIRCUIT CARD ASSEMBLY: TRANSLATOR CONTROL AND 
TIMING; mfr 90536, part no. 7126195-01 (l). 



Core Memory Unit MU-604/UYK-20(V) (Unit 13) 



Control, Core Memory C- 



C' RE MEMORY UNIT MU-60/,/ t NN:- 20(V): Electronic 
circuit plug-in module containing ST 
n?trnetic core memory, need ir r.ore memory 
control C- (p)/UYN-20(7) end 0- (?)/ 

UYK-20X(V), connector n.td* mfr 90536, Dart 
no. 7126382-00. 


I- (P)/UYK-20(V) (Unit 1/) 


CONTROL, CORE MEM. RY C- (?)/UYi:-20(V): 
Provides control for core memory unit 
MU-604/UYK-20(V), operating power 115VAC, 
400IIZ, 3-phase delta or 20CV..C, 400IIZ, 3- 
phase we or 115VAC, 400IIZ, single nhase; mfr 
90536, part no.' 7128029-00. 

FAN AXIAL: CV7 rotation,aluminum case,4*688 in. 
sq, 1.5 in. thick; mfr 82877, part no. 

810DS TYPE ST, 90536, dvg 7901420-01. 
(Attaching Parts) Al(4T, BI(4) 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 1.39UF, 
-10,?, 400VDCU; mfr 56289, vert no. 
260P39494S2, 90536, dvg 7903001-33, 

TERMINAL BOARD: Barrier type, 12 terminals; 
mfr 75382, part no. 600AY3.2, 90536, dwg 
904862-15. 

(Attaching Parts) Al(4), Bl(4) 

TERMINAL BOARD: Barrier type, 3 terminals; MIL 
type 37TB-3. 

(Attaching Parts) AK(4), Bl(4) 
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TABLE 7-2. DATA PRCCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V^ PARTS LIST (CONT.) 


Figure 

Number 

(Item) 


Reference 

Designation 


14 (Cont., 


Notes 



Name and Description 


CIRCUIT CARD ASSEMBLY: MEMORY DATA BOARD, 
plug-in type; mfr 90536, part no. 
7101824-00 (2). 

CIRCUIT CARD ASSEMBLY, CONTROL DATA BOARD, 
plug-in type; mfr 90536, part no. . 
7101826-00 ( 2 ). 


Control, Core Memory C- (P)/UYK-20X(V) (Unit 15) 


CONTROL, CORE MEMORY C- (P)/UYK-20X(V): 
Provides control for core memory unit 
MU-604/UYK-20(V), operating power 115VAC, 
60HZ, 3-phase delta or 208VAC,60HZ, 3-phase 
wye or 115VAC, 60HZ, single phase; mfr 90536, 
part no. 7128029-01. 

FAN AXIAL: CW rotation,aluminum case, 4*688 
in. sq, 1.5 in. thick; mfr 82877, part no. 
682YS TYPE ST, 9®536, dwg 7901420-03. 
(Attaching Parts) Al(4), Bl(4) 

CAPACITOR, FIXED, PLASTIC DIELECTRIC: 1.0UF, 
+10$, 400VDCW; mfr 56289, part no. 
260P10594S2, 90536, dwg 7903001-11. 

TERMINAL BOARD: Barrier type, 12 terminals; 
mfr 75382, part no. 600AY12, 90536, dwg 
904862-15. 

(Attaching Parts) Al(A), Bl(4) 

TERMINAL BOARD: Barrier type, 3 terminals; MIL 
type 37TB-3. 

(Attaching Parts) AK(A), BI(A) 

CIRCUIT CARD ASSEMBLY: MEM RY DATA BOARD; 

nlug-in type; mfr 90536, part no. 

7101824-00 (2). 

CIRCUIT CARD ASSEMBLY: CONTROL DATA BOARD, 
plug-in type; mfr 90536, part no. 

7101826-00 ( 2 ). 


Interface Kit, Fast Serial MK- /UYK-20(V) (Unit 16) 


INTERFACE NIT, FAST SERIAL MK- /UYK-20(V): 
Contains 2 circuit plug-in cards required for 
1 group of 2 input and 2 output channels, used 
in processor-verifier unit CP- (P)/UYK-20 
(V) and CP- (P)/UYK-20X(V); mfr 90536, part 
no. 7101802-00. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7119425-01 (l). 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 

Notes 

Name and Description 

Figure 

Number 

(Item) 

16 (Cont.) 


CIRCUIT CARD ASSEMBLY: 2 CHANNEL RECEIVER; mfr 
90536, part no. 7119430-01 (l) 


Interface Kit, Serial Sync MK- /DTK-20(V) (Unit 17) 

17 


INTERFACE KIT, SERIAL SYNC MK- /UYK-20(V): 

Contains 2 circuit plug-in cards required for 

1 group of 2 input and 2 output channels, used 
in processor-verifier unit CP- (P)/UYK-20 

(V) and CP- (P)/UYK-20X(V); mfr 90536, part 

no. 7101803-00. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7119435-01 (l). 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL RECEIVER; mfr 
90536, part no. 7119440-01 (l). 


Interface Kit, Serial Async MK- (V)/UYK-20(V) (Unit 18) 

18 


INTERFACE KIT, SERIAL ASYNC MK- (V)/UYK-20(V> 

Contains 1 receiver and 16 optional driver 
circuit plug-in cards required for 1 group of 

2 input and 2 output channels, used in 
processor-verifier unit CP- (P)/UYK-20(v) 

and CP- . (P)/UYK-20X(V); mfr 90536, part 

no. 7128069-00. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL RECEIVER; mfr 
90536, part no. 7133225-01 (l). 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7123230-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133235-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133240-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133245-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133250-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER? mfr 
90536, part no. 7133255-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133260-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER? mfr 
90536, part no. 7133265-01. 

r ~ ' 














TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (C’NT.) 


Reference 

Designation 




Name and Description 


CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133270-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133275-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133280-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133285-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133290-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133295-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133300-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133305-01. 


(item) 


DRIVER; mfr 


DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 


Interface Kit, Serial Communications, Sync ME- /UYK- 20 (V) (Unit 19) 


19 f INTERFACE KIT, SERIAL COMMUNICATIONS, SYNC 1 

MK- /UYK-20(V): Contains 2 circuit plug-in 
cards required for 1 group of 2 input and 2 
output channels, used in processor-verifier 
units CP- (P)/UYK-20(V) and CP- (P)/UYK- 
20X(V); mfr 90536, part no. 7128069-00. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, Dart no. 7119450-01 (l). 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL RECEIVER; mfr 
I 90536, part no. 7119445-01 (l). 


Interface Kit, Serial Communications Async MK- (V)/UYK-20(V) (Unit 20) 


20 INTERFACE KIT, SERIAL COMMUNICATIONS, ASYNC 1 

MK- (V)/UYK-20(V): Contains 1 receiver and 
12 optional driver circuit plug-in cards 
required for 1 group of 2 input and 2 output 
channels, used in processor-verifier unit 
CP- (P)/UYK-20(V) and CP- (P)/UYK-20X(V )5 
mfr 90536, part no. 7118070-00. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL RECEIVER; 
mfr 90536, part no. 7133310-01 (l). 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133315-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER: mfr 
90536, part no. 7133320-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL DRIVER; mfr 
90536, part no. 7133325-01. 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (COST.) 


Reference 

Designation 


Notes 



Name and Description 


CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133330-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133335-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133340-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133345-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133350-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133355-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133360-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133365-01. 

CIRCUIT CARD ASSEMBLY: 2 CHANNEL 
90536, part no. 7133370-01. 


Figure 

Number 

(Item) 


DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 


DRIVER; mfr 


DRIVER; mfr 


DRIVER; mfr' 


DRIVER; mfr 
DRIVER; mfr 
DRIVER; mfr 



Interface Kit, Slow MK-l693/UYK-20(V) (Unit 21) 


INTERFACE KIT, SLOW MK-l693/UYK-20(V): Contains 
circuit plug-in cards required for 1 group of 
4 input-output channels, used in processor 
section of computer set; mfr 90536, part no. 
7101805-00. 

CIRCUIT CARD ASSEMBLY: DATA LINE DRIVERS AND 
RECEIVERS; mfr 90536, part no. 7119395-01 (2). 

CIRCUIT CARD ASSEMBLY: -15V SLOW; mfr 90536, 
part no. 7119405-01 (l). 

CIRCUIT CARD ASSEMBLY: I/O ONE SHOT; mfr 90536, 
part no. 7125350-01 (2). 

CIRCUIT CARD ASSEMBLY: CONTROL LINE DRIVERS AND 
RECEIVERS; mfr 90536, part no. 7119400-01 (l). 


Interface Kit, Fast, Negative MK-1694/U1K-20(V) (Unit 22) 


INTERFACE KIT, FAST, NEGATIVE MK-l694/UYK-20(V): 
Contains circuit plug-in cards required for 1 
group of 4 in-put-output channels, used in 
, processor section of computer set; mfr 90536, 
part no. 7101806-00. 

CIRCUIT CARD ASSEMBLY: -3V FAST, TYPE I; mfr 
90536, part no. 7119399-01 (2). 

CIRCUIT CARD ASSEMBLY: -3V FAST, TYPE IV; mfr 
90536, part no. 7119385-01 (l). 
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TABLE 7-2. DATA PROCESSING SET AN/UYK-20(V) AND AN/UYK-20X(V), PARTS LIST (CONT.) 


Reference 

Designation 


22 (Cont., 


Notes 


Name and Description 


CIRCUIT CARD ASSEMBLY: LINE DRIVERS, ACE 
TIMING 1, 2, 3; mfr 90536, part no. 
7119390-01 (1). 

CIRCUIT CARD ASSEMBLY: I/O O'TE SECT;, nfr 
",rrt no. 7125350-01 (2). 


Interface Kit, Fast, Positive Ml'-l695/UYl'.-S0(7) (Unit 23) 


Figure 

Number 

(Item) 



005^6 




r’TE^'-G: T -'IT "P \ g™ •no 3 T m T', r R ’ 1 9^^ AY’~on (Y); 

Contains circuit plug-in cards required for 1 
group of 4 input-output channels, used in • 
processor section of commuter set; mfr 90536, 
part no. 7101807-00. 

CIRCUIT CARD ASSEMBLY: +3.5V ANEW, TYPE I AND 
’ill; mfr 90536, part no. 7119410-01 (2). 

CIRCUIT CARD ASSEMBLY: +3.5V ANEW TYPE IV; mfr 
90536, part no. 7119415-01 (l). 

CIRCUIT CARD ASSEMBLY: I/O ONE SHOT; mfr 90536, 
part no. 7125350-01 (2). 

CIRCUIT CARD ASSEMBLY: +3.5V ANEW, TYPE II; 
mfr 90536, part no. 7119420-01 (l). 


uicro Iloriory Frogram Kit MU- (7)/UYK-20(V) (Unit 24) 


MICRO MEMORY PROGRAM KIT ME- (V)/UYE-20(V): 
Microprogramed read-only-memory control 
structure, 512 bit word growth capacity, used 
in processor-verifier unit; mfr 90536, part 
no. 7128071-XX (dash number determines 
PROGRAM). 

CIRCUIT CARD ASSEMBLY: PROGRAM; mfr 90536, 
part no. 7125130-00. 

CIRCUIT CARD ASSEMBLY: MEMORY GROWTH CARD; mfr 
90536, part no. 7125130-01 AND UP. 

CIRCUIT CARD ASSEMBLY: EMULATION CONTROL WORD; 
mfr 90536, part no. 7125155-01. 

CIRCUIT CARD ASSEMBLY: EMULATION CONTROL CARD; 
mfr 90536, part no. 7125175-01. 

CIRCUIT CARD ASSEMBLY: MICRO PROGRAM CONTROL; 
mfr 90536, part no. 7125125-01. 

CIRCUIT CARD ASSEMBLY: DIAGNOSTIC CARD; nfr 
90536, part no. 7125135-01. 

CIRCUIT CARD ASSEMBLY: MATH P.ACY; nfr 90536, 
part no. TO BE ASSIGNED. 
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Reference 

Designation 

| Notes 

Name and Description 

Figure 
Number 
(Item) 

Maintenance Kit MK- 

/UYK-20(V) (Unit 25) 




Accessory Kit MK- 


26 


MAINTENANCE KIT MK- /UYK-20(V): Supplies and 
provides for storing and transporting special 
tools and items for removing the circuit 
plug-in cards and for checking out the data 
processing set; mfr 90536, part no. 

7128073-00. 

CARD EXTRACTOR: RIGHT, MEMORY; mfr 90536, part 
no. 7128052-00 (l). 

CARD EXTRACTOR: LEFT, MEMORY; mfr 90536, part 
no. 7128053-00 (l). 

CARD EXTRACTOR: LOGIC; mfr 90536, part no. 
7100903-00 (1). 

CABLE, END AROUND: Mfr 90536, part no. 
7126394-00 (2). 


/UYK-20(V) (Unit 26 ) 


ACCESSORY KIT MK- /UYK-20(V): Contains 
integration hardware, I/O connectors, I/O 
cables, and power cables; mfr 90536, part no. 
7128073-00. 












TABLE 7-3. LIST OF COMMON ITEM DESCRIPTIONS 


Item Number 


Description 


1 


2 

3 

4 

5 

6 

7 


8 

9 


10 


11 , 


12 


CAPACITOR, FIXED, CERAMIC DIELECTRIC: 
47000 PF, + 10J6, 50VDCW; MIL type 
CK05BX473KT 

CAPACITOR, FIXED, ELECTROLYTIC: 120UF, 

-15$, +30$, 150V; mfr 56289, part no. 
112D127C3150Y1, 90536, dwg 7901635-13. 

CAPACITOR, FIXED, GLASS DIELECTRIC: 
5100PF, +10$, 300VDCW; mfr 14674 , part 
no. CY20C512K, 90536, dwg 4912284-16. 

CAPACITOR, FIXED, PAPER DIELECTRIC: 
l.OUF, +10$, 400VDCV; MIL type 
CV09A1KE105KM. 

CAPACITOR, MICA DIELECTRIC: 750PF, +2$, 
500VDCW; MIL type CM06FD751G03. 

CHOKE ASSEMBLY, ELECTRICAL: Mfr 90536, 
part no. 7101974-00. 

CIRCUIT CARD ASSEMBLY, CONTROL: plug-in 
type, contains components epoxyed on 
printed wiring board; mfr 90536, part no. 
7119455-00. 

CONNECTOR, PLUG, ELECTRICAL: Male; mfr 
90536, part no. 7101883-00. 

FILTER, RADIO FREQUENCY INTERFERENCE: T 
circuit rfi filter, 125VAC, 12AMP; mfr 
56289, part no. JN17-4564A, 90536, dwg 
7904734-00. 

INTEGRATED CIRCUIT, VOLTAGE REGULATOR: 
mfr 18234,- part no. RC5109K, 90536, dwg 
7904270-01. 

RECTIFIER, SEMICONDUCTOR DEVICE: Doubler 
and CT assemblies, 100VDC, 10AMP; mfr 
12969, part no. 655-082-1, 90536, dwg 
7903528-00. 

RECTIFIER, SEMICONDUCTOR DEVICE: Doubler 
and CT assemblies, 100VDC, 10AMP; mfr 
12969, part no. 655-083-1, 90536, dwg 
7903528-06. 


7-46 



TABLE 7-3. LIST OF COMMON ITEM DESCRIPTIONS (GuNT.) 


Item Ntmber 

.13 


14 

15 

16 

17 

18 

19 

20 

21 


22 


23 


24 


RECTIFIER, SEMICONDUCTOR DEVICE* 
Unitized, 3-phase, fall yaw, 3 AMP, 

400V piv per leg; mfr 12969, part no. 
691-4, 90536, dwg 7904496-03. 

RESISTOR. FIXED, COMPOSITION: 100K ohm, 
+556, 1/2V; MIL type RCR20G104JM. 

RESISTOR, FIXED, FILM: 20000 ohm, +256, 
2W; MIL type M22684-04-«159. 

RESISTOR, FIXED, WKEWQUNDx 0.1 ohm, 
+156, 20W; MIL type RE70GFJL00. 

RESISTOR, FIXED WIPJEWCUMDs 1 ohm, +156, 

5W; MIL type RL60GIR00, 

RESISTOR, FIXED, WIRE WOUND: 0.10 ohm, 
+1056, 3Wj MIL type RW69VR10. 

SEMICONDUCTOR DEVICE, DIODE: Power, 12 
AMP, 400VAC; MIL type 1N3893. 

SEMICONDUCTOR DEVICE, DIODE* Silicon, 
medium power, 30AMP, 50VDC; mfr 03877, 
part no. SR1595, 90536, dwg 7901637-05. 

SWITCH, PUSH* SPST normally open double 
break, 0.1 AMP, white button; mfr 07137, 
part no. SBS8732R26, 90536, dwg 
7904277-00. 

SWITCH, PUSH* SPST normally open double 
break, light emitting diode indicator, 
w/resistor, 0.1 AMP, clear lens; mfr 
07137, part no. SSBL8721C22, 90536, 
dwg 7904278-00. 

SWITCH, PUSH* SPST normally open double 
break, light emitting diode indicator, 
w/resistor, 0.1 AMP, clear lens; mfr 
07137, part no. SSBL8774C22, 90536, dwg 
7904278-03. 

SWITCH, TOGGLE: Miniature, dpdt, sealed; 
MIL type M324656-231. 
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TABLE 7-3. LIST OF COMMON ITEM DESCRIPTIONS (CONT.) 


Item Number 

25 

26 

27 

28 

29 

30 

31 


Description 

SWITCH, TOGGLE: Miniature, single pole, 
panel sealed? MIL type MS24655-231. 

TERMINAL BOARD: Barrier type, 5 terminals? 
mfr 75382, part no. 354-28-05-001, 90536, 
dwg 904862-09. 

TERMINAL BOARD: Barrier type, 7 terminals? 
mfr 75382, part no. 600AI7, 90536, dwg 
904862-11. 

TRANSFORMER, POWER, STEPDOWN: Control, 
single phase, 50-400HZ? mfr 16513, part 
no. MC4518, 90536, dwg 7904726-00. 

TRANSISTOR: NPN, silicon, power, 
Darlington, 80VDC? mfr 04713, part no. 
MJ4034, 90536, dwg 7904256-01. 

TRANSISTOR: NPN, Silicon, power, 
Darlington? mfr 04713, part no. MJ1000, 
90536, dwg 7904415-00. 

TRANSISTOR: NPN, silicon, power, high 
voltage, 325VDC, 100W? mfr 21845, part no. 
SDT8821, 90536, dwg 7901448-00. 
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TABLE 7-4. LIST OF ATTACHING HARDWARE 


tetter Safe 

A 


B 


C 


D 


E 


F 

G 

H 

I 

J 

K 

L 

M 

N 


SflEfi and Description 

INSULATOR, PLATE: TRANSISTOR, MICA, TO-3, 
1.062 in WD, 1.655 in L, 0.002 in THKj 
mfr 13137, part no. 732. 

INSULATOR, WASHER: MICA, 0.195 in ID, 0.500 
in OD, 0.002 in THKj mfr 08289, part no. 
MW500-195. 


INSULATOR, WASHER: MICA, 0.328 in ID, 1.000 
in OD, 0.002 in THK; mfr 08289, part no. 
MW1-328. 


INSULATOR, WASHER: PLASTIC, 0.260 in ID, 
0.800 in OD, 0.002 in THKj mfr 13103, part 
no. 43-800-260. 

NUT, PLAIN, HEX: JAM, ORES, 5A&-24UNF-2B; 
MS35691-15. 

NUT, PLAIN, HEX: MACH, No. 2, 56UNC THD; 
MS35649-224. 

NUT, PLAIN, HEX: MACH, No. 4, 40UNC THDj 
MS35649-244. 


NUT, PLAIN, HEX: MACI^ No. 4, 40 UNC THDj 
0.245 in WD across flats, 0.094 in thickness. 

NUT, PLAIN, HEX: MACH, No. 6, 32UNC THDj 
MS35649-264. 

NUT, PLAIN, HEX: MACH, No. 10, 32UNP THDj 
MS35650-304. 


NUT, PLAIN, KNURLED: Gulmite type, aluminum, 
1/4-40UNS-2B, black, onodizedj mfr 07137, 
part no. 301241-002. 

NUT, PLAIN, KNURLED: Gulmite type, aluminum, 
1/4-40UNS-2B, clear, iriditej mfr 07137, 
part no. 301241-008. 


NUT, PLAIN, KNURLED: Gulmite type, aluminum, 
1/4-40UNS-2B, dark gray, onodizedj mfr 07137, 
part no. 301241-005. 

NUT, PLAIN, ROUND: KNURLED, aluminum, 
3/8-32NEF-2, blackj mfr 07137, part no. 
301241-014. 


7-49 



TABLE 7-4. LIST OF ATTACHING HARDWARE (0 ITT.) 


Letter Code 


Name and Description 


P 

Q 

R 

S 

T 

U 

V 

W 

X 

Y 

Z 


AA 


AB 

AC 


AD 


AE 


NUT, SELF LOCKING, HEX: GRES, 2-56UNC-3B; 
mfr 72962, part no. 79LH1660-26. 

NUT, SELF LOCKING, HEX: CRES, 4-40UNC-3B; 
MS21044C04. 

NUT, SELF LOCKING, HEX: CRES, 6-32UNC-3B; 
MS21044C06. 


SCREW, MACH, FLHs CRSHD, CRES, 2-56UNC-2A, 
0.31 in L; MS51959-4. 

SCREW, MACH, FLH: CRSHD, CRES, 4-40UNC-2A, 
0.375 in L; MS24693C4. 

SCREW, MACH, FLH: CRSHD, CRES, 4-40UNC-2A, 
0.875 in Lj MS24693C9. 


SCREW, MACH, FLH: CRSHD, CRES, 6-32UNC-2A, 
0.250 in Lj MS24693C24. 

SCREW, MACH, FLH: CRSHD, CRES, 6-32UNC-2A, 
0.375 in Lj MS24693C26. 

SCREW, MACH, FLH: CRSHD, CRES, 6-32UNC-2A, 
0.437 in Li MS24693C27. 


SCREW, MACH, FLH: CRSHD, CRES, 6-32UNC-2A, 
0.500 in L,* MS24693C28. 


SCREW, MACH, HEX HEAD: CRES, 6-32UNC-2A, 
3/8 in L. 

SCREW, MACH, PHH: CRSHD, CRES, 4-40UNC-2A, 
1/2 in L ; MS51957-17. 

SCREW, MACH, PNH: CRSHD, CRES, 4-4CUNC-2A, 
3/'4 in L ; MS51957-19. 

SCREW, MACH, PNII: CRSHD, CRES, 4-40UNC-2A, 
3/S in L } MS51957-15. 


SCREW, MACH, PM: CRSHD, CRES, 4-40UHC-2A, 
5/8 in Lj MS51957-1S. 


SCREW, MACH, PNH: CRSHD, CRES, 4-40U1JC-2A, 
7/16 in Li MS51957-16. 
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TABLE 7-4. LIST OF ATTACHING HARDWARE (C NT.) 


Letter Cod[a 

AF 

AG 

AH 

AI 

AJ 

AK 


AL 


AM 


AN 


AP 


AQ 


AP. 


AS 


AT 


AU 


Naae and Description 


SCREW, MACH, PNH: CRSHD, CRES, 4-4DUNC-2A, 
9/16 la L. 

SCREW, MACH, PNH: CRSHD, CRES, 6-32UNC-2A, 
1/4 in Lj MS51957-26. 

SCREW, MACH, PNH: CRSHD, CRES, 6-32UNC-2A, 
1/2 in Lj MS51957-30. 

SCREW, MACH, PNH: CRSHD, CRES, 6-32UNC-2A, 
5/8 in Lj MS51957-31. 


SCREW, MACH, PNH: CRSHD, CRES, 6-32UNC-2A, 
9/16 in L. 

SCREW, MACH, PNH: CRSHD, CRES, 6-32UNC-2A, 
11/16 in L. 


SCREW, MACH, PNH: CRSHD, CRES, 8-32UNC-2A, 
0.375 in Lj MS51957-43. 


SCREW, MACH, PNH: CRSHD, CRES, 8-32UNC-2A, 
1/2 in Lj MS51957-45. 


SCREW, MACH, PITH: CRSHD, CRES, 10-32UNF-2A, 
1/2 in Lj MS51958-63. 

SCREW, MACH, PNH: CRSHD, CRES, 10-32UNF-2A, 
3/4 in Lj MS51958-65. 

SCREW, MACH, PNH: CRSHD, CRES, 10-32UNC-2A, 
5/16 in Lj MS51958-60. 


SCREW, SPECIAL FINISH: FLH, 4-40UNC-2A, 
3/8 in Lj zafr 90536, part no. 7056849-15. 

SCREW, SPECIAL FINISH: FIJI, 2-56UNC-2A, 
5/16 in Lj mfr 90536, part no. 7056849-16. 


WASHSER, FLAT: ROUND, CRES, No. 2, 0.091 
in ID, 0.248 in OD, 0.020 in thicknessj 
MS15795-802. 

WASHER, FLAT: ROUND,CRES, No. 4, 0.128 
in ID, 0.314 in OD, 0.032 in thicknessj 
MS15795-804. 



TABLE 7-4. LIST OF ATTACHING HARDWARE (CANT.) 


Letter Code 

A V 


AW 


• v 




4.1 l 


Name and Description 

T ASHER, FLAT: ROUND,CUES, No. 6, 0.15? 
in ID, 0.390 in 0D, 0.050 in thickness; 

MS15795-806. 

WASHER, FLAT: ROUND, ORES, No. 8, 0.190 
in ID, 0,443 in OD, 0.050 in thickness; 
MSI5795-041. 


MASHER, FLAT: ROUND, CUES, No. 10, 0.220 
in ID, 0.505 in OD, 0.050 in thickness; 

MSI5795-949. 

MASHER, FLAT: CRHS, 0.31* ir ID, 0.56 in OD, 
0.031 in thickness, nfr r 0536, part no. 
7126395-00. 


ED 


HASHER, LOCK* • ERT 700ZL, No. 10, 0.200 

in ID, 0.400 in OD, 0.023 in tnickness; 

M335335-32. 


MiSIP3R, L‘'Cl': SPRING, CUES, Nc. 2, 0.092 in 
ID, 0.175 in OD, 0.035 in ED, 0.023 in thickness; 
H33533S-134. 


MASHER, LOCK; SPRING, ORES, No. 4, 0.120 
in ID, 0.212 in OD, 0.040 in WD, 0.028 
in thickness; MS35338-135. 

MASHER, L CH: SPRING, ORES, No. 6, O.I46 
in ID, 0.253 in OD, 0.047 in WD, 0.034 in- 
thickness; MS35339-136. 

MASHER, L°CK: SPRING, CESS, No. 9, 0.172 
in ID, 0.296 in OD, 0.055 in ED, 0.043 in 
thickness; M33533C-137. 

MASHER, LECH: SPRING, CESS, No. 10, 0.200 
in ID, 0.337 in OD, 0.062 in ED, 0.500 in 
thickness; MS35399-13S. 


~ T • r<T t~7T> - '"iTr’TJTri i 

oil resistant rubber, 

r> r,n n 3 -n T p. 't r y 

* *>■' i - ---•*• »* ■■ ■>} 


' RMED: ,! 0>' rin- 
0.^39 in ID, 


> 


T»’9 T * , ' i n "IT “pr 

in ID, 0.099 in OD, 

N..3420G0. 


GRES, No. 0, 0.063 

0.016 in thickness; 
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Letter Code 

> 

BH 

BI 

BJ 

BE 

BL 

Hi 

BN 


TABLE 7-4. LIST OF ATTACHING HARDWARE (GCNT.) 


Name and Description 

l 

LASHER, PLAIN: FLAT, ORES, No. 4, 0.115 
in ID, 0.209 in OD, 0.032 in thickness; 
1IAS620C4. 

LASHER, PLAIN: FLAT, ORES, No. 6, 0.143 
in ID, 0.267 in OD, 0.032 in thickness; 
NAS620C6. 

WASHER, PLAIN* Flat, GRES, No. 8, 0.169 
in ID, 0.304 in OD, 0.032 in thickness; 
NAS620CP. 

WASHER, PLAIN: FLAT, ORES, l/4 size, 0.255 
in ID, O .468 in OD, 0.063 in thickness; 
NAS620C416. 

WASHER, SHOULDERED: FIBRE, INSULATING, 
flanged. No. 6, 0.138 in ID, 0.187 in ID shldr 
dia, 0.312 in OD; nfr 83330, part nc. 

2153. 

LASHER, SHOULDERED: FIBRE, INSULATING, 
flanged, No. 10, 0.190 in ID, 0.308 in ID 
shldr dia, 0.380 in OD; nfr 83330, part no. 
2156. 

LASHER, SHOULDERED: PLASTIC, 5/l6 size, 
teflon, 0.325 in ID, 0.415 in ID shldr dia, 
0.500 in OD; mfr 86684, part no. 495334-6. 
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TABLE 7-5. LIST OF MANUFACTURERS 


Vender 

Code 

Name 

Address 

00736 

Filter Products, Div of North 
American Rockwell Corp, Air-Maze 
lant - 

25000 Miles Road 

Cleveland, OH 44128 

03377 

Transistron Electronic Corp 

168-186 Albion Street 

Wakefield, HA 01880 

04713 

Motorola Inc 

Semiconductor Products Division 

5005 East McDowell Road 

Phoenix, A2 85008 

07137 

TEC Inc 

6700 Washington Ave South 

Eden Frairie, MN 55343 

03289 

Blir.n Delbert Co., Inc., The 

1678 East Mission Blvd 

P. 0. Box 2007 

Pomona, CA 91766 

11502 

TRW Electronic Components, 

IRC Fixed Resistors, Boone Div 

Oreenway Road 

Boone, NC 23607 

12969 

Unitrode Corp 

530 Pleasant Street 

Watertown, MA 02172 

13103 

Thermal! oy Co 

F. 0. Box 34829 

2021 West Valley View Lane 

Dallas, TX 75234 

13137 

Mica Fabricating Co 

55 Central Ave 

Rochelle Park, NJ 07662 

14674 

Corning Glass Works 

! 

Houghton Park 

Coming, NY 14830 

16512 

Fabri-Tek Inc, 

National Conpector Division 

9210 Science Center Drive 

New Hope, MN 55428 

16513 

Mag-Con Inc 

85 2nd Ave Southeast 

New Brighton, MN 55112 

18234 

Lindgren Erik A. and Associates, 

Inc 

4515 North Ravenswood 

Chicago, IL 60640 

21845 

Solitron Devices, Inc 

Transistor Division 

1177 Blue Heron Blvd 

Riviera Beach, FL 33404 

31356 

J-B-T Instruments, Inc 

424 Chanel Street 

P. 0. Box 1818 

New Haven, CT 06508 
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TABLE 7-5. LIST CF MANUFACTURERS (COHT.) 


Address 


Vendor 

Code 

Name 

Address 

37942 

Mallory, P. R. and Co., Inc 

3029 East Washington Street 
Indianapolis, IN 46206 

56289 

Sprague Electric Co 

North Adams, MA 01247 

71279 

Cambridge Thermionic Corp 

445 Concord Ave 

Cambridge, MA 02138 

71785 

TRW Electronic Components, 

Cinch Division 

1501 Morse Ave 

Elk Grove Village, H 60007 

72962 

Elastic Stop Nut, Division of 
Amerace ESNA Corp 

2330 Vauxhall Road 

Union, NJ 07083 

75382 

Kulka Electric Corp 

633-643 South Fulton Ave 
Mount Vernon, NI 10550 

81312 

Winchester Electronics, Division 
of Litton Industries Inc 

Main Street and Hillside Ave 
Oakville, CT 06779 

82227 

North American Philips Controls 

Corp 

P. 0. Box 768 

Fip Raod 

Cheshire, CT 06410 

82877 

Rotron, Inc 

7-9 Hasbrouek Lane 

Woodstock, NI 12498 

83330 

Smith, Herman H., Inc 

812 Snediker Ave 

Brooklyn, NT 11207 

86684 

RCA Corp., Electronic Components 

415 South 5th Street 
Harrison, NJ 07029 

90536 

Sperry Univac, Defense Systems 

Univac Park 


P. 0. Box 3525 
St. Raul, MN 55165 
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CHAPTER 8 


INSTALLATION 


8-1. INTRODUCTION . 

8-2. This chapter describes the installation of the Data Processing Set (DPS) for 
either rack mounting or table top operation. Included are dimensional drawings, 

cabling information, and test procedures to facilitate the installing of the DPS. 

8-3. INSTALLATION INSTRUCTIONS . 

8-4. TOOLS AND MATERIALS. No special tools are required for installation. 

8-5. UNPACKING AND REPACKING. Perform the following steps for unpacking. 

1. Remove thinwall nails at the bottom of the crate that go into the skid. 

2. Remove steel bands. 

3. Lift up crate from unit. 

4. Remove upper cushioning insert if it remained on top of unit. 

5. Lift unit up from lower cushioning insert and skid. 

6. Inspect outside of unit for physical damage. All damage should be reported. 

7. If possible, retain the shipping crate and cushioning inserts for reshipment 
at a later date. 

8-6. For repacking, perform the following steps. 

1. Repacking in original shipping crate if kept. 


a. 

Place cushion insert on skid. 



b. 

Place unit on cushion insert. 



c. 

Place cushion insert on top of unit. 



d. 

Place crate over top of unit and down 

resting on 

cushion. 

e. 

Nail sides of crate to skid using four 

thinwall 

nails per side. 

f. 

Place metal strap around crate. 



g. 

Place label on crate. 
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2. Repacking in made up crate. 

a. Place unit in a corrugated cardboard inner container, with corrugated 
cardboard spacers or one-inch polyurethane foam at front and rear to protect 
switches, indicators, and connectors, 

b„ Place inner container into a cleated panel outer container with space 
between filled with at least four inches of two-pound density polyurethane foam 
or equivalent. 

8-7. PREPARATION OF FOUNDATION. The rack should be prepared to provide suffi¬ 
cient space to receive the DPS, and be drilled to receive the eight mounting 
bolts and two shock pins. Refer to figure 8-1 for the space requirements and 
position and size of the mounting holes. The rack must be able to support the 
200 pound weight of the DPS. For table top installation, make sure the proper 
space is available and the table is capable of supporting the DPS's 200 pounds. 

8-8. INPUT REQUIREMENTS. Refer to paragraph 1-35 and table 1-1 for input power 
requirements for the various options. 

8-9. INSTALLATION PROCEDURES. 


1. Rack Mounting 

a. Use an alien wrench to loosen the eight screws that hold the maintenance 
panel door closed. 


b. Open the maintenance panel door. 

c. Remove and mark the three ribbon cable connectors from J01, J02, and J03 
(upper left on maintenance panel). 

d. Remove the power cable from the cable clamps on the maintenance panel 
door. 

e. Use a slotted screwdriver to unscrew the power cable connector clamp 
connected to J04 (upper left on the maintenance panel. 

f. Use a phillips screwdriver and remove the left holding bracket of the 
telescoping door stop 

g. Use phillips screwdriver and remove the four screws that hold the two 
maintenance panel door hinges in place. Remove door. 


h. Lift the DPS into place in the rack. 

i. Using eight bolts, bolt the DPS in place. 

j. Remount the maintenance panel door using the four phillip head screws to 
hold the two hinges in place. 

k. Remount the left holding bracket of the telescoping door stop. 

l. Connect the power cable to J04. 
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Figure 8-la. DPS Outline Drawing 













REAR VIEW 


Figure 8-lb. DPS Outline Drawing 
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m. Place the cable back in the cable clamps. 

n. Replace the three ribbon cable connectors to .101, J02, and J03. 

o. Unlatch the telescoping door stop and close the maintenance panel door. 

p. Fasten the eight bolts to secure the door. 

2. Table Mounting 

a. Place DPS on table as close to final position as possible. 

b. Use an alien wrench and unscrew the eight screws holding the maintenance 
panel door closed. 

c. Open the maintenance panel door. 

d. Loosen the four screws holding the memory chassis closed. 

e. Slide out the memory chassis. 

f. Remove the CP/IOC chassis as indicated in Chapter 6. 

g. Remove the power supply chassis as indicated in Chapter 6. 

h. Remove the power supply blower as indicated in Chapter 6. 

i. Move DPS to align mounting holes. 

j. Use the front two and back two mounting holes and mount the DPS to the 
table. 

k. Replace the power supply blower as indicated in Chapter 6. 

l. Replace the power supply chassis as indicated in Chapter 6. 

m. Replace the CP/lOC chassis as indicated in Ghapter 6. 

n. Swing in memory chassis and push in slide. 

o. Lock memory chassis in place with the four screws. 

p. Close the maintenance panel door and secure with the eight screws. 

8-10. INSTALLATION CHECKOUT . 

8-11. INSPECTION. 

1. Before connecting the power cable, use a meter to verify that the proper 
voltages are available. Table 8-1 shows the voltage on each pin. 

2. Connect the input/output cables per system definition to the various jacks 
as indicated in figure 8-2. Tables 8-2 through 8-5 show I/O cable pin assign¬ 
ments. 
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Figure 8-2. Input/Output Channel Assignments 
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TABLE 8-1. POWER CONNECTOR PIN ASSIGNMENTS 


PIN » 

10 

30 Y 

30A 

A 

115 Vac 

115 Vac Line to Neut. 

115 Vac Line to Line 

B 

Neutral 

115 Vac Line to Neut. 

115 Vac Line to Line 

C 

Not Used 

115 Vac Line to Neut. 

115 Vac Line to Line 

D 

Not Used 

Neutral 

Not Used 

E 

Safety Ground 

Safety Ground 

Safety Ground 

F 

Not Used 

Not Used 

Not Used 

G 

Not Used 

Not Used 

Not Used 


TABLE 8-2. PARALLEL CHANNEL I/O CONNECTOR PIN ASSIGNMENTS (EVEN GROUP*) 


FUNCTION 

CONNECTOR PIN 

INPUT 

OUTPUT 

SIGNAL 

RETURN 

Input Data Request 

Output Acknowledge 

B-5 

A-5 

Input Acknowledge 

Output Data Request 

B-6 

A-6 

External Interrupt Request 

External Function Acknowledge 

B-7 

A-7 

External Interrupt Enable 

External Function Request 

B-8 

A-8 

Data 

Bit 00 

D-l 

C-l 

Data 

Bit 01 

D-2 

C-2 

Data 

Bit 02 

D-3 

C-3 

Data 

Bit 03 

D-4 

C-4 

Data 

Bit 04 

D-5 

C-5 

Data 

Bit 05 

D-6 

C-6 

Data 

Bit 06 

D-7 

C-l 

Data 

Bit 07 

D-8 

C-8 

Data 

Bit 08 

D-9 

C-9 

Data 

Bit 09 

D-10 

C-10 

Data 

Bit 10 

D-ll 

C-ll 

Data 

Bit 11 

D-12 

C-l 2 

Data 

Bit 12 

G-l 

H-l 

Data 

Bit 13 

G-2 

H-2 

Data 

Bit 14 

G-3 

H-3 

Data 

Bit 15 

G-4 

II- I 


*Even Groups - Group 0, Channels 0-3; Group 2, Channels 10-13 (Octal) 
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TABLE 8-2. PARALLEL CHANNEL I/O CONNECTOR PIN ASSIGNMENTS (EVEN GROUP*) (CONT) 


FUNCTION 

CONNECTOR PIN 

INPUT 

OUTPUT 

SIGNAL 

RETURN 

Dual Channel Data Bit 16 

G-5 

H-5 

Dual Channel Data Bit 17 

G-6 

H-6 

Dual Channel Data Bit 18 

G-7 

H-7 

Dual Channel Data Bit 19 

G-8 

H-8 

Dual Channel Data Bit 20 

G-9 

H-9 

Dual Channel Data Bit 21 

G-10 

H-10 

Dual Channel Data Bit 22 

G-ll 

H-ll 

Dual Channel Data Bit 23 

G-12 

H-12 

Dual Channel Data Bit 24 

J-l 

K-l 

Dual Channel Data Bit 25 

J-2 

K-2 

Dual Channel Data Bit 26 

J-3 

K-3 

Dual Channel Data Bit 27 

J-4 

K-4 

Dual Channel Data Bit 28 

J-5 

K-5 

Dual Channel Data Bit 29 

J-6 

K-6 

Dual Channel Data Bit 30 

J-7 

K-7 

Dual Channel Data Bit 31 

J-8 

K-8 


*Even Groups - Group 0, Channels 0-3; Group 2, Channels 10-13 (Octal) 


TABLE 8-3. PARALLEL CHANNEL I/O CONNECTOR PIN ASSIGNMENTS (ODD GROUP*) 


FUNCTION 

CONNECTOR PIN 

INPUT 

OUTPUT 

SIGNAL 

RETURN 

Input Data Request 

Output Acknowledge 

B-5 

A-5 

Input Acknowledge 

Output Data Request 

B-6 

A-6 

External Interrupt Request 

External Function Acknowledge 

B-7 

A-7 

External Interrupt Enable 

External Function Request 

B-8 

A-8 

Data Bit 00 

D-l 

C-l 

Data Bit 01 

D-2 

C-2 

Data Bit 02 

D-3 

C-3 

Data Bit 03 

D-4 

C-4 

Data Bit 04 

D-5 

C-5 

Data Bit 05 

D-6 

C-6 


*Odd Groups - Group 1„ Channels 4-7; Group 3, Channels 14-17 (Octal) 
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TABLE 8-3. PARALLEL CHANNEL I/O CONNECTOR PIN ASSIGNMENTS (ODD GROUP*) (CONT) 


FUNCTION 

CONNECTOR PIN 

INPUT OUTPUT 

SIGNAL 

RETURN 

Data Bit 06 

D-7 

C-7 

Data Bit 07 

D-8 

C-8 

Data Bit 08 

D-9 

C-9 

Data Bit 09 

D-10 

C-10 

Data Bit 10 

D-ll 

C-ll 

Data Bit 11 

D-12 

C-12 

Data Bit 12 

G-l 

H-l 

Data Bit 13 

G-2 

H-2 

Data Bit 14 

G-3 

H-3 

Data Bit 15 

G-4 

H-4 

Dual Channel Data Bit 00 

F-l 

E-l 

Dual Channel Data Bit 01 

F-2 

E-2 

Dual Channel Data Bit 02 

F-3 

E-3 

Dual Channel Data Bit 03 

F-4 

E-4 

Dual Channel Data Bit 04 

F-5 

E-5 

Dual Channel Data Bit 05 

F-6 

E-6 

Dual Channel Data Bit 06 

F-7 

E-7 

Dual Channel Data Bit 07 

F-8 

E-8 

Dual Channel Data Bit 08 

F-9 

E-9 

Dual Channel Data Bit 09 

F-10 

E-10 

Dual Channel Data Bit 10 

F-ll 

E-ll 

Dual Channel Data Bit 11 

F-12 

E-12 

Dual Channel Data Bit 12 

B-9 

A-9 

Dual Channel Data Bit 13 

B-10 

A-10 

Dual Channel Data Bit 14 

B-ll 

A-11 

Dual Channel Data Bit 15 

B-12 

A-12 


*Odd Groups - Group 1, Channels 4-7; Group 3, Channels 14-17 (Octal) 
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TABLE 8-4. SERIAL CHANNEL I/O CONNECTOR PIN ASSIGNMENTS 


FUNCTION 

CONNECTOR PIN 

MIL-STD-188 

RS-232 



A 

Loop Test 

D-8 

G-4 

B 

Ring Indicator 

D-4 

D-12 

C 

Received Line Signal Detector 

C-4 

C-12 

D 

Data Terminal Ready 

C-8 

H-4 

E 

Clear To Send 

D-5 

G-l 

F 

New Sync. 

D-7 

G-3 

G 

Request To Send 

C-7 

H-3 

H 


D-6 

G-2 

I 


D-3 

D-ll 

J 


C-6 

H-2 

K 

Data Set Ready 

C-3 

C-ll 

L 


D-2 

D-10 

Transmit Clock 

Transmitter Signal Element Timing 

B-! 

5 

Transmit Data 

Transmitted Data 

A -! 

5 

Receive Clock 

Receiver Signal Element Timing 

A-' 

7 

Receive Data 

Receive Data 

B-' 

7 

Signal Ground 

Signal Ground 

A-6, 

A-8 


*Even Group - Channels 0,1; 4,5; 10,11; and 14,15 (Octal) 
**Odd Group - Channels 2,3; 6,7; 12,13; and 16,17 (Octal) 
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TABLE 8-5. DUAL CHANNEL I/O JUMPER PLUG PIN ASSIGNMENTS 


FUNCTION 

ORIGIN 

DESTINATION 

SIGNAL 

RETURN 

SIGNAL 

RETURN 

Data Bit 00 

D-l 

C-l 

F-l 

E-l 

Data Bit 01 

D-2 

C-2 

F-2 

E-2 

Data Bit 02 

D-3 

C-3 

F-3 

E-3 

Data Bit 03 

D-4 

C-4 

F-4 

E-4 

Data Bit 04 

D-5 

C-5 

F-5 

E-5 

Data Bit 05 

D-6 

C-6 

F-6 

E-6 

Data Bit 06 

D-7 

C-7 

F-7 

E-7 

Data Bit 07 

D-8 

C-8 

F-8 

E-8 

Data Bit 08 

D-9 

C-9 

F-9 

E-9 

Data Bit 09 

D-10 

C-10 

F-10 

E-10 

Data Bit 10 

D-ll 

C-ll 

F-ll 

E-ll 

Data Bit 11 

D-l 2 

C-12 

F-12 

E-12 

Data Bit 12 

G-l 

H-l 

B-9 

A-9 

Data Bit 13 

G-2 

H-2 

B-10 

A-10 

Data Bit 14 

G-3 

H-3 

B-ll 

A-11 

Data Bit 15 

G-4 

H-4 

B-12 

A-12 


TABLE 8-6. EXTERNAL REAL TIME CLOCK CONNECTOR PIN ASSIGNMENTS 


FUNCTION 

CONNECTOR PIN 

Spare 

A 

Spare 

B 

H -> External Real Time Clock 

C 

L-* External Real Time Clock 

D 

Spare 

E 

Spare 

F 


3. Connect the ground strap to the ground stud. The location of the stud is 
shown in figure 8-1. 

4. Connect the external real time clock cable to jack 34, if required. The 
position of this jack is shown in figure 8-2. Table 8-6 shows connector pin assign¬ 
ments. 
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8-12. INITIAL TEST. 


1. Set the switches on the control panel and maintenance panel to the positions 
indicated in table 2-4. 

2. Set the CIRCUIT BREAKER switch on the operator's control panel to the ON 
position. 

3. Set the POWER BLOWER switch to the ON position. Make sure that the blower 
is discharging air from the exhaust grills on the side of the cabinet. The power 
blower indicator should be lit. 

4. Set the POWER LDGIC switch to the ON position. The indicator should be lit. 
The FAULT POWER and OVERTEMP indicators should not be lit. If either one or both 
are lit refer to section five (troubleshooting). 

5. Use a meter and check the logic voltages. Refer to table 8-7 for description 
of the logic voltages. The voltages on TB4 should be made in reference with 
processor signal ground (ElO). All voltages have 5% tolerences. TB3 and 4 are 
located at the bottom middle on the front of the power supply. 

8-13. INSTALLATION VERIFICATION TEST. Run the diagnostic tests listed in chapter 
10 to verify the operation of the DPS. These tests procedd logically through the 
equipment using operational circuits to test the untried areas and provide correc¬ 
tive instructions if the results are not as specified. 

8-14. INSTALLATION SUMMARY SHEET. Use the installation summary sheet shown in 
figure 8-3 to record the verification of each test. 
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TABLE 8-7. LOGIC VOLTAGES 


LUG NO. 

DESCRIPTION 

TB3 

1 

-5.2 volts 

2 

-5.2 volts return 

3 

+12 volts 

4 

+12 volts return 

5 

-16 volts 

6 

-16 volts return 

7 

Spare 

TB4 

1 

Spare 

2 

+15 volts 

3 

+15 volts sense 

4 

-5 volts 

5 

Memory Signal Ground 

6 

+5 volts memory 

7 

Spare 


E9 

+5 volts processor 


E10 

Processor Signal Ground 
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INSTALLATION SUMMARY SHEET 



VERIFICATION 

CHECK 


NOT OK 


Power cable voltage 

I/O cables connected to proper jacks 

DMA cable connected to jack 33 

External real time clock connected to jack 34 

Blower operating correctly 

Power came up properly 

Logic voltages correct 

Diagnostic Test 


Figure 8-3. Installation Summary Sheet 
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APPENDIX A 


MICROINSTRUCTION REPERTOIRE 


Instructions defined in this appendix are 
used is a 16-bit instruction divided into 
specifies the function code. The D-field 
register. The S-field (Table A-l) is the 
used as a microinstruction modifier. 


the DPS microinstructions. The format 
four equal 4-bit fields. The F-field 
(Table A-2) defines the destination 
source field for data. The M-field is 


Symbols used in microinstructions 
Symbol Description 


A 

D 

F 

K 

M 

P 


0" A 7 


Ra. 
Rm. 

S 

pP 


jxP Hold 

( ) 




Scratch pad registers 
Destination field 
Function code 
Constant 

Microinstruction modifier field 

Program address register 

The register designated by a 

The register designated by m 

Source field 

Micro P register 

Micro P hold register 

The contents of the location specified within the 
parenthesis 

Transfer to 
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Table A-l. S-Designator 


s 

VALUE 

SOURCE 1 (SI) 

SOURCE 2 (S2) 

0 

Unassigned 

pP Hold Register 

1 

Breakpoint 

Condition Register 

2 

P Register 

Display Register 

3 

Memory Data Register 

Normalize/Panel Select 

4 

Page Registers 

RTC Upper 

5 

Indirect Address Pointer 

STATUS 1 Register 

6 

Shift Matrix Output 

STATUS 2 Register 

7 

Monitor Clock/Feed/Partial 
Product (Determined by 

F = 15, FII = 10) 

RTC Lower 

10 

AO 

General Register 

11 

A1 

Cordic Table 

12 

A2 

Instruction Register AM Sign 

Extended 

13 

A3 

Instruction Register 

14 

A4 

Class I & II Interrupt Code 

15 

A5 

Class III Interrupt Code/I/O 

Translator 

16 

A6 

Input Data 

17 

A7 

I/O Control Memory 
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Table A-2. D-Designator 


D 

VALUE 

DESTINATION 1 (Dl) 

0 

Unassigned 

1 

Breakpoint 

2 

P Register 

3 

Memory Data Register 

4 

General Register 

5 

Status Register #1 

6 

Status Register #2 

7 

RTC Lower 

10 

AO/Shift Register Rl/Page 
Address Counter 

11 

Al/Shift Register R2 

12 

A2 

13 

A3 

14 

A4 

15 

A5 

16 

A6/Shift Counter 

17 

A7/Memory Address Register 


DESTINATION 2 (D2) 
pP Register 
Condition Register 
Display Register 
Cycle Counter 
RTC Upper 
Unassigned 
Unassigned 
Unassigned 
Page Registers 

Unassigned 

Instruction Register/SGR 
SGR 

CM Translator 
I/O Translator 
Output Data 

I/O Control Memory (CM) 
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F = 00 TRANSFER 


0000 

D 

S 

M 


Transfer the contents of the source register as specified by S (Table A-l) and 
modified by M to the destination register as specified by D (Table A-2) and 
modified by M. M designator usage as shown below in Table A-3. 


Table A-3. M-Designator for Microinstruction F=00 


M 


3 

2 1 0 

FUNCTION 

0 

XXX 

Do not update the Condition register 

1 

XXX 

Update the Condition register 

X 

0 X X 

Transfer direct 

X 

1 X X 

Transfer data rotated left circularly 8 bit positions 

X 

X 0 0 

Transfer (SI) to D1 

X 

X 0 1 

Transfer (S2) to D1 

X 

X 1 0 

Transfer (SI) to D2 

X 

X 1 1 

1 

Transfer (S2) to D2 
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F = 01 JUMP 


0001 


X 


Transfer (p,P) to p,P HOLD, Load p,P with X, then execute the microinstruction at 
address X. 

F = 02 ADD 


0010 

D1 

S2 

M 


Add the contents of the source register as specified by S2 (Table A-l) to the 
value specified by M (Table A-4) and transfer the sum to D1 (Table A-2). 


Table A-4. M-Designator for Microinstruction F=02 


M 


3 

2 10 

FUNCTION 

0 

XXX 

Do not update the Condition register 

1 

XXX 

Update the Condition register 

X 

0 0 0 

(S2) + (A n )* Dl, Force carry 

X 

0 0 1 

(S2) + (A n )* -* Dl, Carry hold 

X 

0 10 

(S2) + (A n )* -► Dl, Carry end around 

X 

Oil 

(S2) + (An)*-* Dl, No carry 

X 

10 0 

(S2) + POS ZERO Dl, Force carry 

X 

10 1 

(S2) + NEG ONE -► Dl, Carry hold 

X 

110 

(S2) + POS ZERO -*■ Dl, Carry end around 

X 

111 

(S2) + NEG ONE -* Dl, No carry 


*The least significant 2 bits of D1 specify one of the registers A0-A3 as 
operand source. 
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F = 03 SHIFT 


m 

D1 

SI 

M 


Shift SI (Table A-l) one bit position as specified by M (Table A-5) and transfer 
the result to D1 (Table A-2). 


Table A-5. M-Designator for Microinstruction F=03 


M 


3 

2 10 

FUNCTION 

0 

XXX 

Do not update the Condition register 

1 

XXX 

Update the Condition register 

X 

0 X X 

Shift left 1 bit position 

X 

1 X X 

Shift right 1 bit position 

X 

X 0 0 

Zero fill (right or left shift) 

X 

X 0 1 

Sign fill (right shift) or circular (left shift) 

X 

X 1 0 

Insert the bit shifted off in previous shift operation 

X 

X 1 1 

Insert special (reserved for serial I/O data operations) 

i 

1 

i 

1 
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F = 04 ADD 


0100 

D1 

SI 

M 


Add the contents of the source register SI (Table A-l) to the value specified 
by M (Table A-6) and transfer the sum to D1 (Table A-2). 


Table A-6. M-Designator for Microinstruction F=04 


M 


3 

2 1 0 

FUNCTION 

0 

XXX 

Do not update the Condition register 

1 

XXX 

Update the Condition register 

X 

0 0 0 

(SI) + (A n )* Dl, Force carry 

X 

0 0 1 

(SI) + (A n )* -*• Dl, Carry hold 

X 

0 10 

(SI) + (A n )* -*■ Dl, Carry end around 

X 

Oil 

(SI) + (A n )* -*■ Dl, No carry 

X 

1 0 0 

(SI) + POS ZERO -*■ Dl, Force carry 

X 

10 1 

(SI) + NEG ONE Dl, Carry hold 

X 

1 1 0 

(SI) + POS ZERO -*• Dl, Carry end around 

X 

1 1 1 

(SI) + NEG ONE -► Dl, No carry 


*The least significant 2 bits of D1 specify one of the registers A0-A3 as the 
operand source. 
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F = 05 SUBTRACT 


0101 

D1 

SI 

M 


Subtract the contents of the source register SI (Table A-l) from the value 
specified by M (Table A-7) and transfer the difference to D1 (Table A-2). 


Table A-7. M-Designator for Microinstruction F=05 


M 

FUNCTION 

3 

2 10 

0 

XXX 

Do not update the Condition register 

1 

XXX 

Update the Condition register 

X 

0 0 0 

(A n )* - (SI) -* Dl, Force carry 

X 

0 0 1 

(An)* - (SI) -*• Dl, Carry hold 

X 

0 1 0 

(A n )* - (SI)-* Dl, Carry end around 

X 

Oil 

(An)* - (SI) -* Dl, No carry 

X 

1 0 0 

POS ZERO - (SI) -* Dl, Force carry 

X 

1 0 1 

POS ZERO - (SI) -* Dl, Carry hold 

X 

1 1 0 

POS ZERO - (SI) -* Dl, Carry end around 

X 

1 11 

POS ZERO - (SI) ^ Dl, No carry 

- —. ..... __ - . _.. . _ 


*The least significant 2 bits of D1 specify one of the registers A0-A3 as 
the operand source. 
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F = 06 LOGIC I 


0110 

D1 

SI 

M 


Perform the logic function specified by M (Table A-8) and transfer the result 
to D1 (Table A-2). 


Table A-8. M-Designator for Microinstruction F=06 


M 

FUNCTION 

3 

2 10 

0 

XXX 

Do not update the condition register 


1 

XXX 

Update the condition register 


X 

0 0 0 

Logical Exclusive OR of (An)* and (SI) 

(A„)* @ (SI) 

X 

0 0 1 

Logical complement of the logical AND 

(An)* • (SI) 



of (An)* and (SI) 


X 

0 10 

Logical AND of (Ap)* and the logical 

(AX)* • (SI) 



complement of (SI) 


X 

Oil 

Logical complement of (SI) 

Tsi) 

X 

10 0 

Logical OR of (A n )* and (SI) 

(A n )* + (SI) 

X 

10 1 

All ones 

1 

X 

1 1 0 

(A n )* 

(A n )'*' 

X 

1 1 1 

Logical OR of (A n )* and the logical 

(A n )* + (SI) 



complement of (SI) 



*The least significant 2 bits of D1 specify one of the registers A0-A3 as 
the operand source. 
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F = 07 LOGIC II 


0111 

D1 

si 

M 


Perform the Logic function specified by M (Table A-9) and transfer the result 
to D1 (Table A-2). 


Table A-9. M-Designator for Microinstruction F=07 


M 

FUNCTION 

3 

2 10 

■ 

XXX 

Do not update the Condition register 


■ 

XXX 

Update the Condition register 


X 

0 0 0 

Logical AND of the logical complement 

(A n )* • (SI) 



of (A n )* and (SI) 


X 

0 0 1 

Logical complement of (A n )* 

(A n )* 

X 

0 10 

All zeros 

0 

X 

Oil 

Logical complement of the logical OR 

(A n )* + (SI) 



of (A n )* and (SI) 


X 

10 0 

(SI) 

(SI) 

X 

10 1 

Logical OR of the logical complement 

(A n )* + (SI) 



of (A n )* and (SI) 


X 

1 1 0 

Logical AND of (A n T* and (SI) 

(A„)* • (SI) 

X 

1 1 1 

Logical complement of the logical 

(A n )* + (SI) 



Exclusive OR of (A n )* and (SI) 



*The least significant 2 bits of D1 specify one of the registers A0-A3 as 
the operand source. 
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F = 10 ADD CONSTANT 


1000 


D1 


K 


Add the 8 bit constant K (zeros extended to 16 bits) to the accumulator (A n )* 
and transfer the sum to D1 (Table A-2). 

*The least significant 2 bits of D1 specify one of the registers A0-A3 as 
the operand source. 


F = 11 SUBTRACT CONSTANT 


1001 


D1 


K 


Subtract the 8 bit constant K (zeros extended to 16 bits) from the accumulator 
(A n )* and transfer the difference to D1 (Table A-2). 


*The least significant 2 bits of D1 specify one of the registers A0-A3 as the 
operand source. 


F = 12 TRANSFER CONSTANT 


1010 


D1 


K 


Transfer the 8 bit constant K (zeros extended to 16 bits) to D1 (Table A-2). 
F = 13 TRANSFER CONSTANT 


1011 


D2 


K 


Transfer the 8 bit constant K (zeros extended to 16 bits) to D2 (Table A-2). 
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F = 14 BRANCH 


1100 


FI I 


K 


If the branch condition specified by FII (Table A-10) is satisfied, transfer (pP) 
to pP HOLD and load bits 0-7 of pP with K leaving bits 8-11 of pP unchanged. Then 
execute the microinstruction at the address in pP. If the branch condition speci¬ 
fied by FII is not satisfied, the MPC will perform the next instruction as 
programmed. 


Table A-10. FII Designator for Microinstruction F=14 


FII 



11 

10 

9 

8 

BRANCH CONDITION 


0 

0 

0 

0 

Last arithmetic operation result had negative sign (COND 
register bit 14 set). 


0 

0 

0 

1 

Last operation had a result of zero (COND register bit 13 set). 

0 

0 

1 

0 

Greater than (COND register [2 11 (+) 2 12 ] (+) 2 10 =1). 


0 

0 

1 

1 

Overflow, add or subtract (COND register [2 1 * • 2*^] + 2 12 = 

1) 

0 

1 

0 

0 

Carry (COND register bit 10 set) 


0 

1 

0 

1 

Inside limits (COND register 2^ • [(2*^ (+) 2* 2 ) (+) 2*^] = 

1) 

0 

1 

1 

0 

Q 1 O 

Double precision zero (COND register 2 + 2 = 1) 


0 

1 

1 

1 

Shift save = 0 (COND register bit 15 set) 


1 

0 

0 

0 

Last operation was not zero (COND register bit 13=1) 


1 

0 

0 

1 

Cycle count = 0 


1 

0 

1 

0 

A ^ M (increment instruction register AM) 


1 

0 

1 

1 

Fast shift busy 


1 

1 

0 

0 

7 

Floating point interrupt enable (status register #1 2=0) 


1 

1 

0 

1 

Floating point round (status register #1 2^ = 0) 


1 

1 

1 

0 

Class II I/O interrupt disable (status register #1 2 = 0) 


1 

1 

1 

1 

Micro jump switch 
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F = 15 MICRO CONTROL 


1101 

FII 

S 

M 


This microinstruction performs micro control functions as described in Table A-ll. 

F = 10g controls shifting operations as follows; for single precision operations, 
it causes the shifting of one 16 bit register Aq. For double precision operations, 
it causes the shifting of two 16-bit register: Aq, the most significant 16 bits; 
and Al, the least significant 16 bits. The value of the 7 bit combined S and M 
fields is interpreted per Table A-12. The shift count uses A6. One microinstruc¬ 
tion delay is required before the microprogram can access the shifted quantity at 
the shift matrix output. When using S=7, the Feed, Partial Product, or Monitor 
Clock Register must be selected as specified in Table A-13. 


Table A-ll. FII, S and M-Designators for Microinstruction F=15 


FII 

FUNCTION 

S 


M 

FUNCTION 

11 10 9 8 

7 6 5 4 

FUNCTION 

3 2 10 

0 0 0 0 

INCREMENT 

not used 


0 0 0 1 

10 0 0 

Decrement cycle counter 
by 1 

Increment SGR 

0 0 0 0 

CLR I/O RETURN 

not used 


not used 


0 0 0 0 

NOT USED 





0 0 0 0 

NOT USED 





0 0 11 

Select Page 
Enable 

not used 


not used 


0 10 0 

INCREMENT 

not used 


0 0 0 1 

10 0 0 

Decrement cycle counter 
by 1 

Increment SGR 

0 10 0 

MEMORY 

0 0 0 X 

0 0 1 X 

0 1 0 X 

0 1 1 X 

1 0 0 X 

1 0 1 X 

1 1 0 X 

1 1 1 X 

Read 

Write 

Read odd 

Write odd 

Read Split 
Write O's 

Read Byte 
Write Byte 

not used 


0 10 1 

CONDITION CODE 
CONTROL 

X X X 0 
XXXI 

X X 0 X 
XXIX 

X 0 X X 

X 1 X X 

0 X X X 

1 X X X 

Clr 8 and 9 
Set 8 and 9 
on Condition 
Clr 10 and 11 
Set 10 and 11 
on Condition 
Compare 
masked 

Compare 

Double Pre¬ 
cision 

Single Pre¬ 
cision 

0 X X X 

1 X X X 

No Shift Overflow 

Check 

Shift Overflow Check 
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Table A-ll. FII, S and M-Designators for Microinstruction F=l5 (Cont) 


FII 

--- 

S 


M 


11 10 9 8 

FUNCTION 


FUNCTION 

3 2 10 

FUNCTION 


0 110 NOT USED 


0 111 SGR CONTROL 


1 000 SHIFT CONTROL 


1 001 NOT USED 


1 010 NOT USED 


1 011 NOT USED 


1 100 MEMORY 


1 101 I/O CONTROL 



1 111 NOT USED 


0 0 X X A + 1 


not used 


0 1 X X 
1 0 X X 


A SGR 
K SGR 


11XX M + 1 -*■ SGR 


See Tables A12 & A13 





not used 



XXXI Search for Sync 


XXIX 

X 1 X X 
1 XXX 


Load Discrete 

Clear RUN 

Reset I/O, Light 
PROG FAULT 
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Table A-12. Shift Control Commands (F=15, FII=10) 


COMBINED S AND 
M DESIGNATORS 
(7 BITS) 

FUNCTION 

SHIFT COUNT 
INTERPRETATION 

OOOOOOO 

Double precision-circular left shift A^ 

Shift count=A6 (4 bits) 

0000001 

Double precision-Circular left shift A 0 

Shift count=A6 (4 bits) 

0000010 

Double precision-Arithmetic left 
shift Aj 

Shift count=A6 (4 bits) 

0000011 

Double precision-arithmetic left 
shift Aq 

Shift count=A6 (4 bits) 

0000100 

Single precision-Circular left shift Aq 

Shift count=A6 (4 bits) 

0000101 

Single precision-Arithmetic left 
shift Aq 

Shift count=A6 (4 bits) 

0000110 

Extract left shifted bits of A^ 

Shift count-A6 (4 bits) 

0000111 

Extract left shifted bits of A„ 
double or single precision 

Shift count=A6 (4 bits) 

0001000 

Double precision-Logical right shift A^ 

Shift count=A6 (4 bits) 

0001001 

Double precision or single precision- 
Logical right shift Aq 

Shift count=A6 (4 bits) 

0001010 

Double precision-Arithmetic right 
shift Aj 

Shift count=A6 (4 bits) 

0001011 

Double precision or single precision- 
Arithmetic right shift Aq 

Shift count=A6 (4 bits) 

0010000 

Double precision-Logical right shift A^ 

Shift count=A6 (4 bits) 

- 1 count 

0010001 

Double precision or single precision- 
Logical right shift A n 

Shift count=A6 (4 bits) 

- 1 count 

0010010 

Double precision-Arithmetic right 
shift Aj 

Shift count=A6 (4 bits) 

- 1 count 

0010011 

Double precision or single precision- 
Arithmetic right shift Aq 

Shift count=A6 (4 bits) 

- 1 count 

0011000 

Aq to shift matrix output 

Shift count=0 

0011001 

A1 to shift matrix output 

Shift count=0 

0100XXX 

See OOOOXXX 

Shift count=A6 (6 bits) 
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Table A-12. Shift Control Commands (F=15, FII=10) 


COMBINED S AND 
M DESIGNATORS 
(7 BITS) 

FUNCTION 

SHIFT COUNT 
INTERPRETATION 

OllOXXX 

See 0010XXX 

Shift count=A6 (6 bits) 

- 1 count 

OlllOOO 

Cordic scale initialize 

A6=17 for trigonometric 
function 

A6=13 for hyperbolic 
function 

1010100 

Cordic algorithm 

A6-17 for trigonometric 
function 

A6=16 for hyperbolic 
function 

1011100 

23 

Floating point-normalize Aj to 2 

A6=negative, shift right 

A6=positive, shift left 

A6=0, no shift 

1001101 

23 

Floating point-normalize Aq to 2 

A6=negative, shift right 

A6=positive, shift left 

A6=O t no shift 

1101011 

Hexidecimal floating point po¬ 
sitioning of Aq 

Shift count=A6 (4 bits) 
x 4 

1110010 

Hexidecimal floating point po¬ 
sitioning with round of A^ 

Shift count=A6 (4 bits 
x 4 

1110011 

Hexidecimal floating point po¬ 
sitioning with round of Aq 

Shift count=A6 (4 bits) 

- 1 count 

1111100 

Hexidecimal floating point-normalize 

A x to 223 

A6=negative, shift right 

A6=positive, shift left 

A6=0, no shift 

1111101 

Hexidecimal floating point-normalize 

Aq to 2 2 3 

A6=negative, shift right 

A6=positive, shift left 

A6=0, no shift 
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Table A-13. Feed/Partial Product/Monitor Clock Selection for = 7 


COMBINED S AND 

M DESIGNATORS 

F = 15, FII = 10 

REGISTER SELECTION 

XXXXXOOX 

XXXXX01X 

XXXXX10X 

Feed Register 

Partial Product Register 

Monitor Clock Register 


F = 16 MICRO REPEAT 


1110 


Fll 


K 


This instruction establishes a repeat mode wherein the next instruction or series 
of instructions will be repeated as specified in the following paragraphs to accom¬ 
plish the function specified. K determines the cycle count. The instruction 
repeat count is preset to accomplish the function specified. K determines the 
cycle count. The instruction repeat count is preset. The MPC transfer (pP) to 
pP HOLD before the repeat sequence. The contents of pP HOLD are then transferred 
back to pP for each repeat cycle. 

Multiply single (F = 16, FII = 0000). This instruction multiplies the single 
length multiplicand in SI by the multiplier in R2 and stores the most significant 
half (MSH) of the product in D1 and the least significant half (LSH) of the pro¬ 
duct in Rl. This instruction is executed when the instruction following it is as 
follows: 


F D S M 
Add 04 D1 SI 00 

The register specified by D1 must be A2 or A3 and must be cleared before executing 
this routine. The value of K must be one less than the number of bits of the 
multiplier. 

Divide single (F = 16, FII = 0001). This instruction requires both the divisor 
and dividend to be positive. It divides the double length dividend (the MSH 
in register Dl, the LSH in Rl) by the divisor in SI. The quotient is stored in 
R2 and the remainder in Dl. This instruction is executed when the instructions 
following it are as follows: 



F 

D 

S 

M 

Sub 

05 

Dl 

si 

00 

Branch Neg 

14 

00 

X 

X 

Add 

04 

Dl 

SI 

03 
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The register specified by D1 must be A2 or A3. The quotient is 2's complement 

fractional; it will be an integer if the dividend is shifted left 1 bit before 

execution of the divide routine. The value of K must be one less than the number 
of bits of the divisor. 

Multiply double (F = 16, FII = 0010). This instruction multiplies the double 
length multiplicand (the MSH in A8 or A6 and the LSH in A5 or A7) by the double 
length multiplier (the MSH in R1 and the LSH in R2). The 32 bits in the MSH of 

the product are in R1 and R2 with R1 containing the upper 16 bits. The 32 bits 

in the LSH of the product are in A2 and A3 with A2 containing the upper 16 bits. 
This instruction is executed when the instructions following it are as follows: 



F 

D 

S 

M 

Add 

04 

13 

SI 

10 

Add 

04 

12 

S2 

01 

Add Constant 

10 

13 

0 

00 


The A2 and A3 registers must be cleared before executing these instructions. The 
value of K must be one less than the number of bits of the multiplier. 

Divide double (F = 16, FII = 0011). This instruction requires both the divisor 
and the dividend to be positive. It divides the 64 bit dividend (the upper 16 
bits of the MSH in A3 and the lower 16 bits of the MSH in A2, and the upper 16 

bits of the LSH in R1 and the lower 16 bits of the LSH in R2) by the double length 

divisor (the MSH in A5 or A7 and the LSH in A4 or A6). The quotient is stored in 

R1 and R2 and the remainder stored in A2 or A3. This instruction is executed when 

the instructions following it are as follows: 



F 

D 

S 

M 

Sub 

05 

13 

si 

10 

Sub 

05 

12 

S2 

11 

Branch Neg 

14 

00 

X 

X 

Add 

04 

13 

SI 

13 

Add 

04 

12 

S2 

D1 


The quotient is 2's complement fractional; it will be n integer if the dividend is 
shifted left 1 bit before executing this instruction. The branch routine is for 
end correction if required. The value of K must be one less than the number of 
bits of the divisor. 

Repeat rotate (F = 16, FII = 0100). This instruction repeats the next 3 instruc¬ 
tions K+l times. It is executed when the instructions following it are as follows 
% 

F D S M 

Add 02 12 11 X011 
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F 

D 

s 

M 




Add 

04 

11 

06 

X011 

X110 




Add 

04 

10 

06 

0011 

0110 




Repeat vector (F = 16, FII 
K+l times. It is executed 

= 0101. 
when the 

This instruction repeats the next 
instructions following it are as 

3 instructions 
follows: 


F 

D 

S 

M 




Add 

02 

12 

11 

03 




Add 

04 

11 

06 

13 




Add 

04 

10 

06 

03 




Repeat scale (F = 16, FII = 0110). This : 
tions K+l times. It is executed when the 

instruction repeats the 
instructions following 

next 2 
it are 

instruc- 
as follows: 


F 

D 

S 

M 




either: Sub 

05 

10 

06 

00 




Sub 

05 

11 

06 

00 




or: Add 

04 

10 

06 

03 




Add 

04 

11 

06 

03 





Square root repeat (F = 16, FII = 0111). This instruction repeats the next 2 
instructions K+l times. It is executed when the instructions following it are 
as follows: 



F 

D 

S 

M 

Add 

04 

12 

06 

13 

Add 

04 

12 

00 

03 


Repeat normal (F = 16, FII = 1000). This instruction executes the K+l instructions 
following it n+1 times. K+l shall be equal to the value in bits 3-0 of K, plus 
one. n+1 shall be equal to the contents of the cycle count register plus one 
(which must be loaded by a previous instruction). 

Repeat normal, suppress last cycle (F =bl6, FII = 1001). This instruction executes 
the K+l instructions following it n times. K+l shall be specified by the value in 
bits 3-0 of K, plus one. n shall be equal to the contents of the cycle count 
register (which must be loaded by a previous instruction). 
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F = 17 EMULATE 



This instruction is freeform and is interpreted as shown in Table A-14. 


TABLE A-14. S and M-Designators for F=17 

S _ M _ 

7654 FUNCTION 3210 FUNCTION 

0 X X X Load SGR 0000 I/O Breakpoint 

1 X X X Inhibit Load SGR 0001 Not Assigned 

0010 Not Assigned 

0 0 11 Operand Reference (Destination -*■ MAR) 

0100 Not Assigned 

0101 Normal Branch 1. If bit 11 of 

ECW set, P -* MAR. If bit 11 of 
ECW clear, GR ^ MAR. 

0110 Not Assigned 

0111 Normal branch 2. If bit 12 of ECW 

is clear, P -* MAR and force read. 

If bit 12 of ECW is set, P -+■ MAR, 
and initiate the operation selected 
by bits 15-13 of the ECW. 

1000 Restart overlap. P -* MAR, no 

advance P 

10 0 1 Branch 1 special. Dest -* MAR, 

Inhibit I/O, and force read. 

1010 Not Assigned 

1011 Not Assigned 

110 0 Normal Start. Branch, P -* MAR, 

P + 1 -* P. 

1101 Branch 1 special. Dest - * MAR, 

s Inhibit I/O, and force read. 

1110 Normal start jump. Branch, 

Dest -* MAR, P + 1 -* P. 


1111 


Not Assigned 















APPENDIX B 

REPERTOIRE OF MACRO INSTRUCTIONS 


Instructions defined in this list include the basic instruction set and those re¬ 
quired for optional features in the computer. Users of computer configurations 
that do not include certain optional instructions must place those respective 
instructions in the "Not assigned” category and assemble programs accordingly. 

The instructions are described in the following format: 

(Operation Code) 

(ULTRA symbol) (instruction format) (instruction name) 

(Detailed descriptive text that includes special designator interpretations when 
applicable) 

When the a- or m-designator is used as a sub-function code, the information is 
presented in table form. 


Symbols 

Symbol 

a 

d 

R 

a 

m 

R 

m 

Y 

y 

P 

pP 
( ) 


Used In Instructions 
Description 

The a-designator from instruction words. 

The deviation value in a local jump instruction. 

The register designated by a. 

The m-designator from instruction words. 

The register designated by m. 

The operand or memory address generated in the execution of an 
instruction. 

The contents of the second word of an RK or RX instruction. 

The Program Address register. 

The Micro Program Address Register 

The contents of the location specified within the parenthesis. 


Operation Code 00 

RR Format - DIAGNOSTIC RETURN 

If the DIAGNOSTIC JUMP switch is in the up position, transfer the contents 
of General Register 17g to pP. 

RI Format - Not assigned 


B-l 



RK Format - Not assigned 
BL RX Format - BYTE LOAD 

Load the selected byte from address Y in bits 7 through 0 of R g , clearing 
bits 15 through 8, and setting the Condition Code. 

Address Y = y + (R m ) right shifted one place; bit 0 of R m is the byte 
identifier. 


LR 

LI 


Operation Code 01 


RR Format - LOAD 

Load (R m ) in R a , and set the Condition Code (table XIII). 


RI Format Type 2 - LOAD 

Load the contents of memory address Y in R g , and set the Condition Code 
(table XIII). 


RK Format - LOAD 

Load the Operand Y in R a , and set the Condition Code (table XIII). 

RX Format - LOAD 

Load the contents of memory address Y in R a , and set the Condition Code 
(table XIII). 


© 

LDI 


LD 


Operation Code 02 


RR Format - UNARY ARITHMETIC 

Perform the operation specified for the m-value in Table I and then set 
the Condition Code according to the quantity resulting in R a (table XIII). 


RI Format, Type 2 - LOAD DOUBLE 

Load the contents of addresses Y and Y+l in R a and R a+ j respectively, and 
set the Condition Code (table XIII). 


RK Format - Not assigned 
RX Format - LOAD DOUBLE 

This instruction shall load the contents of memory address Y and Y + 1 in 
R g and R g+ j respectively, and set the Condition Code (table XIII). 



Operation Code 03 


RR Format - UNARY-CONTROL 

Perform the operation specified in Table II for the m-value. 


RI Format - Not assigned 


% 

RK Format - Not assigned 



See Table I 
See Table II 
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TABLE I. UNARY-ARITHMETIC INSTRUCTION m-VALUES 


n 1 

m 

Value 

Operation 

Description 

PR 

0 

MAKE POSITIVE 

If (R a ) are negative, perform the two's com¬ 
plement of (R a ) and store the result in R . 
When the maximum negative number* is comple¬ 
mented, set the overflow designator (table 
XIII). 




If (R a ) are positive, do not change (R a ). 

NR 

1 

MAKE NEGATIVE 

If (R a ) are positive and not zero, perform 
the two's complement of (R g ) and store the 
result in R a . 




If (Rg) are negative or zero, do not change 
(R a ). 

RR 

2 

ROUND R a 

If (Rg) are positive, add bit 15 of R a +i 
to (Rg) and store the result in R a . 




If (Rg) are negative, subtract the comple¬ 
ment of bit 15 of Ra+1 from (R a ) and store 
the result in R g 




Not assigned 




TCR 

4 

TWO'S COMPLEMENT, 
SINGLE 

Perform the two's complement of (R a ) and 
store the result in R a . 

TCDR 

5 

TWO'S COMPLEMENT, 
DOUBLE 

Perform the two's complement of double length 
(Rg, Rg+j) and store the result in R g , Rg,-^. 
When the maximum negative number* is comple¬ 
mented, set the overflow designator (table 
XIII). 

OCR 

6 

ONE'S COMPLEMENT, 
SINGLE 

Perform the one's complement of (Rg) and 
store the result in R a . 


7 


Not assigned 


1 


TROR 

10 

INCREASE R„ BY 1 

a 

Increase (R g ) by 1 and store the result in R g . 

DROR 

11 

DECREASE R„ BY 1 

a 

Decrease (R g ) by 1 and store the result in R g . 

TRTR 

12 

INCREASE R g BY 2 

Increase (R ) by 2 and store the result in R„. 

<3 d 

DRTR 

13 

DECREASE R„ BY 2 

a 

Decrease (R a ) by 2 and store the result in R„. 

a a 

% 

14-17 


Not assigned 




*( 1 , 000 , 000 , 000 , 000 , 000 ) 
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TABLE II. UNARY-CONTROL INSTRUCTION m-VALUES 


ULTRA 

Symbol 

m 

in 

Value 

Operation 

Description 

ER 

1 

STORE STATUS 
REGISTER #1 

Store the contents of Status Register #1 
in R g . 

SSOR 

2 

STORE STATUS 
REGISTER #2 

Store the contents of Status Register #2 
in Rg. 

SCR 

3 

STORE RTC LOWER 

Store the contents of the Real Time Clock 
Lower Register in R Q . 

a 

LPR 

4 

LOAD P 

Load (R ) in P. 

LSOR 

5 

LOAD STATUS 

REGISTER #1 

Load (Rg) in Status Register #1. 

LSTR 

6 

LOAD STATUS 

REGISTER #2 

Load (R ) in Status Register #2. 

a 

LCR 

7 

LOAD RTC LOWER 

Load (Rg) in the Real Time Clock Lower 
Register. 

ECR 

10 

ENABLE RTC 

Enable the Real Time Clock Register to 
increase by one for each cycle of the clock 
sources. Generate a RTC Interrupt when 
the contents of the Real Time Clock Lower 
Register changes from all ones to all zeros. 

DCR 

11 

DISABLE RTC 

Disable the Real Time Clock Register from 
advancing. The RTC Oscillator continues 
to operate. 


12 

LOAD AND ENABLE 
CLOCK MONITOR 

Load (Rg) in Monitor Clock Register and 
enable register to decrement by one for 
each cycle of the clock source. Generate 
the Monitor Clock interrupt when the con¬ 
tents of the Monitor Clock Register equals 
zero. 

— 

13 

DISaBLE MONITOR 
CLOCK 

Disable Monitor Clock and Monitor Clock 
Interrupt. 


14 

LOAD RTC DOUBLE 

Load (R a , Rg + 1) in the Real Time Clock 
Register and enable the register to in¬ 
crease by one for each cycle of the clock 
source. RTC Interrupt enable/disable 
condition is not affected. 

% 

15 

STORE RTC DOUBLE 

Store the contents of the Real Time Clock 
into R„ and R_ + 1. 

a a 


B-4 









TABLE II. UNARY-CONTROL INSTRUCTIONS m-VALUES (CONT) 


ULTRA 

Symbol 

m 

Value 

Operation 

Description 


16 

ENABLE RTC INTERRUPT 

Enable generation of RTC interrupt when 
the contents of the Real Time Clock Lower 
Register changes from all ones to all 
zeros. 

— 

17 

DISABLE RTC INTER¬ 
RUPT 

Disable generation of the RTC Interrupt. 


LM RX Format - LOAD MULTIPLE 

Load the contents of sequential memory addresses beginning at Y, in 
sequential registers beginning at R a and ending at R m . If a is greater 
than m, load registers in the order R g , R a+ j,..., R 17 , Rq ...R m . Address 
Y is equal to y. 

Operation Code 04 

(i) RR Format - UNARY-SHIFT (Optional Feature) 

Perform the operation specified in Table III for the m-value. 

RI Format - Not assigned 

RK Format - Not assigned 

BLX RX Format - BYTE LOAD AND INDEX BY 1 

Load the selected byte from memory address Y in bits 7 through 0 of R a 
clearing bits 8 through 15 and setting the Condition Code (table XIII); 
and then increase (R m ) by 1. 

Address Y = y + (R m ) right shifted one place; bit 0 of R m is the byte 
identifier. 


Operation Code 05 

SB RR Format - SET BIT 

Set the bit in R a specified by the m-value. 

LXI RI Format, Type 2 - LOAD AND INDEX BY 1 

Load the contents of memory address Y in R , set the Condition Code 
(table XIII), and then increase (R m ) by l. a 

RK Format - Not assigned 

LX RX Format - LOAD AND INDEX BY 1 

% Load the contents of memory address Y in R g , set the Condition Code 

(table XIII), and then increase (R m ) by 1. 


(?) See Table III 
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TABLE III. UNARY-SHIFT INSTRUCTION m-VALUE 


Value 



Operation 


REVERSE REGISTER 


COUNT ONES 


SCALE FACTOR 


Description 


Not assigned 


Change (R g ) to the reverse order 
according to the 4-bit example: 


Initial 



Final 


Count the number of one bits in (R a ), 
and store the count in R a . 1 . 


Shift the double length (R g , R a+ i) 
to the left with zeros extended to 
fill, until bits 15 and 14 of R a 
are not equal and store the shift 
count in R g+ 2 * 

Not assigned 


Operation Code 06 

RR Format - ZERO BIT (Clear Bit) 

Clear the bit in R g specified by the m-value. 

RI Format, Type 2 - LOAD DOUBLE AND INDEX BY 2 

Load the contents of memory address Y and Y + 1 in R g and R a+ j 

respectively, set the Condition Code (table XIII), and then increase 

(R m ) b y 2 * 

RK Format - Not assigned 

RX Format - LOAD DOUBLE AND INDEX BY 2 

Load the contents of memory address Y and Y + 1 in R g and R a +j 
respectively, set the Condition Code (table XIII), and then increase 

OW by 2. 


Operation Code 07 


RR Format - COMPARE BIT (Test Bit) 

Test the bit in R a specified by the m-value and set the Condition Code 
(Table XIII) if the bit is set. 
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LPI RI Format, Type 2 - LOAD PSW (Program Status Word) 

Load the contents of memory addresses Y, Y + 1, and Y + 2 in Program 

Address Register, Status Register #1, and Status Register #2, 

respectively. Y = (R m ). 

RK Format - Not assigned 

LP RX Format - LOAD PSW (Program Status Word) 

Load the contents of memory addresses Y, Y + 1, and Y + 2 in the Program 

Address Register, Status Register #1, and Status Register #2, 

respectively. Y = (R m ) + y. 


Operation Code 10 

LRSR RR Format - LOGICAL RIGHT SINGLE SHIFT 

Shift (R g ) to the right n-places with zeros extended to fill, n is the 
value in bits 5-0 of R m . 

RI Format - Not assigned 

LRS RK Format - LOGICAL RIGHT SINGLE SHIFT 

Shift (R a ) to the right n places with zeros extended to fill, n is the 
value in bits 5-0 of operand Y. 

BS RX Format - BYTE STORE 

Store bits 7-0 of (R a ) in the selected byte of memory address Y. 

Y = y + (R m ) right shifted one place; bit 0 of (R m ) is byte identifier. 


Operation Code 11 

ARSR RR Format - ALGEBRAIC RIGHT SINGLE SHIFT 

Shift (R g ) to the right n places with sign extended to fill, n is the 
value in bits 5-0 of R m . 

SI RI Format, Type 2 - STORE 

Store (R g ) at memory address Y. 

ARS Format RK - ALGEBRAIC RIGHT SINGLE SHIFT 

Shift (Rg) to the right n places with sign extended to fill, n is the 
value in bits 5-0 of operand Y. 

S RX Format - STORE 

Store (R ) at memory address Y. 

a 

Operation Code 12 

LRDR RR Format - LOGICAL RIGHT DOUBLE SHIFT 

% Shift the double length (R a , Rg+j) to the right n-places with zeros 

extended to fill, n is the value in bits 5-0 of R m . 

SDI RI Format, Type 2 - STORE DOUBLE 

Store (R a ) and (Rg+j) at memory addresses Y and Y + 1 respectively. 
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LRD 


SD 


ARDR 


ARD 


SM 


ALSR 


ALS 


BSX 


CLSR 


SXI 


RK Format - LOGICAL RIGHT DOUBLE SHIFT 

Shift the double length (R a , R a+ i) to the right n places with zeros 
extended to fill, n is the value in bits 5-0 of operand Y. 

RX Format - STORE DOUBLE 

Store (R a ) and (R a +i) at memory addresses Y and Y + 1 respectively. 


Operation Code 13 

RR Format - ALGEBRAIC RIGHT DOUBLE SHIFT 

Shift the double length (R a , R a +i) to the right n places with the sign 
extended to fill, n is the value in bits 5-0 of R m . 

RI Format - Not assigned 

RK Format - ALGEBRAIC RIGHT DOUBLE SHIFT 

Shift the double length (R a , R a+ j) to the right n places with the R a sign 
extended to fill, n is the value in bits 0-5 of operand Y. 

RX Format - STORE MULTIPLE 

Store in sequential memory addresses beginning at Y, the contents of 
sequential registers beginning at R a and ending at R m . If a is greater 
than m store registers in the order R a , R a+ j,... f Rjj, R 0 ,... t R m . 

Y equals y. 


Operation Code 14 

RR Format - ALGEBRAIC LEFT SINGLE SHIFT 

Shift (R g ) to the left n places with zeros extended to fill, n is the 
value in bits 5-0 of R m . 

RI Format - Not assigned 

RK Format - ALGEBRAIC LEFT SINGLE SHIFT 

Shift (R a ) to the left n places with zeros extended to fill, n is the 
value in bits 5-0 of operand Y. 

RX Format - BYTE STORE AND INDEX BY 1 

Store bits 7-0 of R a in the selected byte at memory address Y; and then 
increase (R m ) by 1. Y = y + (R m ) right shifted one place; bit 0 of (R m ) 
is byte identifier. 


Operation Code 15 

RR Format - CIRCULAR LEFT SINGLE SHIFT 

Shift (R g ) circularly to the left n places, n is the value in bits 5-0 
of R m . 

RI Format, Type 2 - STORE AND INDEX BY 1. 

Store (R a ) at memory address Y; and then increase (R m ) by 1. Y = (R m ). 
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CLS RK Format - CIRCULAR LEFT SINGLE SHIFT 

Shift (R a ) circularly to the left n places, n is the value of bits 5-0 
of operand Y. 

SX RX Format - STORE AND INDEX BY 1 

Store (R g ) at memory address Y; and then increase (R m ) by 1. 


ALDR 


SDXI 


ALD 


SDX 


Operation Code 16 

RR Format - ALGEBRAIC LEFT DOUBLE SHIFT 

Shift the double length (R a , R a +i) to the left n places with zeros 

extended to fill, n is the value in bits 5-0 of R m . 

RI Format, Type 2 - STORE DOUBLE AND INDEX BY 2 

Store (R a ) and (R a +i) at memory addresses Y and Y + 1, respectively; 
then increase (R m ) by 2. 

RK Format - ALGEBRAIC LEFT DOUBLE SHIFT 

Shift the double length (R a , R a+ j) to the left n places with zeros 

extended to fill, n is the value in bits 5-0 of operand Y. 

RX Format - STORE DOUBLE AND INDEX BY 2 

Store (R a ) and (R a+ j) at memory addresses Y and Y + 1, respectively; 
and then increase (R m ) by 2. 


Operation Code 17 

CLDR RR Format - CIRCULAR LEFT DOUBLE SHIFT 

Shift the double length (R a , R a +j) circularly to the left n places, 
n is the value in bits 5-0 of R m . 

SZI RI Format, Type 2 - STORE ZEROS 

Clear memory address Y. Y = (R m ) 

CLD RK Format - CIRCULAR LEFT DOUBLE SHIFT 

Shift the double length (R a , R a +i) circularly to the left n places, 
n is the value in bits 5-0 of Y. 

SZ RX Format - STORE ZEROS 

Clear memory address Y. 


Operation Code 20 
SUR RR Format - SUBTRACT 

Subtract (R m ) from (R a ) and store the result in R a ; then set the 
Condition Code (table XIII). 

SUl'” RI Format, Type 2 - SUBTRACT 

Subtract the contents of memory address Y from (R a ) and store the result 
in R a ; then set the Condition Code (table XIII). Y = (R m ). 



SUK 


su 


SUDR 


SUDI 


SUD 


AR 


AI 


AK 


A 


ADR 


RK Format - SUBTRACT 

Subtract operand Y from (R ) and store the result in R a ; then set the 
Condition Code (table XIII). 

RX Format - SUBTRACT 

Subtract the contents of memory address Y from (R g ) and store the result 
in R a ; then set the Condition Code (table XIII). 


Operation Code 21 
RR Format - SUBTRACT DOUBLE 

Subtract the double length (R m , Rm+l) from the double length (R a , R a +j) 
and store the result in R a and R a+ ii then set the Condition Code (table 
XIII). 

RI Format, Type 2 - SUBTRACT DOUBLE 

Subtract the double length contents of memory addresses Y, Y + 1 from the 
double length (R a , R a+ i) and store the result in R a and R a +i; then set 
the Condition Code (table XIII). 

RK Format - Not assigned 

RX Format - SUBTRACT DOUBLE 

Subtract the double length contents of memory addresses Y, Y + 1 from the 
double length (R a , ?a+l) and store the result in R a and R a+ j; then set 
the Condition Code (table XIII). 


Operation Code 22 
RR Format - ADD 

Add (R m ) to (R g ) and store the result in R a ; then set the Condition Code 
(table XIII). 

RI Format, Type 2 - ADD 

Add the contents of memory address Y to (R a ) and store the result in R a ; 
then set the Condition Code (table XIII). 

RK Format - ADD 

Add operand Y to (R a ) and sto5re th result in R a ; and then set the 
Condition Code (table XIII). 

RX Format - ADD 

Add the contents of memory address Y to (R a ) and store the result in R g ; 
and then set the Condition Code (table XIII). 


Operation Code 23 


RR Format - ADD DOUBLE 
Add the double length (R m , 
the result in R a and Ra+U 


Rm+l) t0 the double length (R a , R a+ i) and store 
then set the Condition Code (table XIII). 
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ADI RI Format, Type 2 - ADD DOUBLE 

Add the double length contents of memory addresses Y, Y + 1 to the 
double length (R a , R a+ i) and store the result in R a and R a+ ]_; then set 
the Condition Code (table XIII). 

RK Format - Not assigned 

AD RX Format - ADD DOUBLE 

Add the double length contents of memory address Y, Y + 1 to the double 
length (R a , Ra+l) and store the result in Ra and Ra+l; then set the 
Condition Code (table XIII). 


Operation Code 24 
CR RR Format - COMPARE 

Arithmetically compare (R a ) to (R m ), and set the Condition Code (table 
XIII). 

Cl RI Format, Type 2 - COMPARE 

Arithmetically compare (R a ) to the contents of memory address Y, and set 
the Condition Code (Table XIII). 

CK RK Format - COMPARE 

Arithmetically compare (R g ) to operand Y, and set the Condition Code 
(table XIII). 

C RX Format - COMPARE 

Arithmetically compare (R a ) to the contents of memory address Y, and set 
the Condition Code (table XIII). 


Operation Code 25 

CDR RR Format - COMPARE DOUBLE 

Arithmetically compare the double length (R a , Ra+l) to the double length 
(R m , fyn+l) and set the Condition Code (table XIII). 

CDI RI Format, Type 2 - COMPARE DOUBLE 

Arithmetically compare the double length (R a , Ra+l) to the double length 
contents of memory addresses Y, Y + 1 and set the Condition Code (table 
XIII). 

RK Format - Not assigned 
CD RX Format - COMPARE DOUBLE 

Arithmetically compare the double length (R a , R a +l) to the double length 
contents of memory address Y, Y + 1 and set the Condition Code (table 
XIII). 

% 

Operation Code 26 
MR RR Format - MULTIPLY 

Multiply (R m ) by (R a +j) and store the double length result in R a , R a+ ]; 
and then set the Condition Code (table XIII). 
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RI Format, Type 2 - MULTIPLY 

Multiply the contents of memory address Y by (R a+ i) an( * store the double 
length result in R a , R a +i! and then set the Condition Code (table XIII). 

RK Format - MULTIPLY 

Multiply operand Y by (R a +i) and store the double length result in 
R a , R a +i; and then set the Condition Code (table XIII). 

RK Format - MULTIPLY 

Multiply the contents of memory address Y by (R a +j) and store the double 
length result in R g , R g+1 ; then set the Condition Code (table XIII). 


Operation Code 27 
RR Format - DIVIDE 

Divide the double length (Ra, Ra+l) hy (Rm), store he quotient in R a+ i 
and the remainder in R a ; then set the Condition Code (table XIII). 

RI Format, Type 2 - DIVIDE 

Divide the double length (R a , Ra+l) by the contents of memory address Y; 
store the quotient in R a+ i and the remainder in R a ; then set the Condition 
Code (table XIII). 

RK Format - DIVIDE 

Divide the double length (R a , R a+ i) by operand Y, store the quotient in 
R a+ 2 and the remainder in R a ; then set the Condition Code (table XIII). 

RX Format - DIVIDE 

Divide the double length (R g , R a +j) by the contents of memory address Y, 
store the quotient in R a +j and the remainder in R g ; then set the Condition 
Code (table XIII). 

Note: For all divides, the remainder has the same sign as the dividend 


and is 

interpreted as 

follows: 


Remainder 

Sign 

Divisor 

Sign 


Remainder 

+ 

+ 

Less than 

the divisor. 

+ 

— 

Less than 
the two's 
divisor. 

the absolute value of 
complement of the 

— 

+ 

Less than 

the divisor. 


The absolute value of the re¬ 
mainder is less than the 
absolute value of the divisor. 



Operation Code 30 


ANDR 


AND I 


ANDK 


AND 


ORR 


ORI 


ORK 


OR 


XORR 


XORI 


XORK 


RR Format - AND 

Perform the logical AND of (R g ) and (R m ), and store the result in R a 
(clear bits in R a corresponding to zeros in Rm)- Set Condition Code 
(table XIII). 

RI Format, Type 2 - AND 

Form the logical AND of (R a ) and the contents of memory address Y, and 
store the result in R_ (clear bits in R g corresponding to zeros in the 
contents of address Y). Set Condition Code (table XIII). 

RK Format - AND 

Form the logical AND of (R a ) and operand Y, and store the result in R a 
(clear bits in R a corresponding to zeros in operand Y). Set Condition 
Code (table XIII). 

RX Format - AND 

Form the logical AND of (R a ) and the contents of memory address Y, and 
store the result in R a (clear bits in R g corresponding to zeros in the 
contents of address Y). Set Condition Code (table XIII). 


Operation Code 31 


RR Format - OR 

Form the logical OR of (R g ) and (R m ), and store the result in R a . Set 
Condition Code (table XIII). 

RI Format, Type 2 - OR 

Form the logical OR of (R a ) and the contents of memory address Y, and 
store the result in R g . Set Condition Code (table XIII). 

RK Format - OR 

Form the logical OR of (R g ) and operand Y, and store the result in R g . 
Set Condition Code (table XIII). 

RX Format - OR 

Form the logical OR of (R a ) and the contents of memory address Y, and 
store the result in R g . Set Condition Code (table XIII). 


Operation Code 32 
RR Format - EXCLUSIVE OR 

Form the exclusive OR of (R a ) and (R m ), and store the result in R g . 

Set Condition Code (table XIII). 

RI Format, Type 2 - EXCLUSIVE OR 

Form the exclusive OR of (R a ) and the contents of memory address Y, and 
store the result in R a . Set Condition Code (table XIII). 

RK Format - EXCLUSIVE OR 

Form the exclusive OR of (R ) and operand Y, and store the result in R a . 
Set Condition Code (table XIII). 
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XOR 


MSR 


MSI 


MSK 


MS 


CMR 


CMI 


CMK 


CM 


I OCR 


RX Format - EXCLUSIVE OR 

Form the exclusive OR of (R a ) and the contents of memory address Y, and 
store the result in R a . Set Condition Code (table XIII). 


Operation Code 33 

RR Format - MASKED SUBSTITUTE 

For each bit set in (R a +i), transfer the corresponding bit of (Rm) to the 
corresponding bit in R a and leave the remaining bits in R g unchanged. 

Set Condition Code (table XIII). 

RI Format, Type 2 - MASKED SUBSTITUTE 

For each bit set in (Ra+l). transfer the corresponding bit of the con¬ 
tents of memory address Y to the corresponding bit in Ra and leave the 
remaining bits in R a unchanged. Set Condition Code (table XIII). 

RK Format - MASKED SUBSTITUTE 

For each bit set in (Ft a +-i), transfer the corresponding bit of operand Y 
to the corresponding bit in R g and leave the remaining bits in R a un¬ 
changed. Set Condition Code (table XIII). 

RX Format - MASKED SUBSTITUTE 

For each bit set in (R a+ i), transfer the corresponding bit of the con¬ 
tents of memory address Y to the corresponding bit in R a and leave 
the remaining bits in R a unchanged. Set Condition Code (table XIII). 


Operation Code 34 
RR Format - COMPARE MASKED 

Compare (bit by bit) the result of the logical AND of (R a ) and (Ra+l) to 
the result of the logical AND of (R m ) and (R a _i_i) and set the Condition 
Code (table XIII). 


RI Format, Type 2 - COMPARE MASKED 

Compare (bit by bit) the logical AND of (R a ) and (R a +i) to the logical 
AND of contents of memory address Y and (Ra+l) and set the Condition 
Code (table XIII). 


RK Format - COMPARE MASKED 

Compare (bit by bit) the logical AND of (R a ) and (R a +i) to the logical 
AND of operand Y and (R a +j) and set the Condition Code (table XIII). 


RX Format - COMPARE MASKED 

Compare (bit by bit) the logical AND of (R g ) and (R a +i) to the logical 
AND of contents of memory address Y and (R a +i) and set the Condition 
Code (table XIII). 


Operation Code 35 
RR Format - I/O COMMAND 

Execute the. I/O command instruction from main memory address 000140 and 
clear bits 14 and 15 at address 000140. 
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BFI 


REX 


BF 


RI Format, Type 2 - BIASED FETCH 

Transfer the sign (bit 15) of the contents of memory address Y to the 
Condition Code and then set the two most significant bits at that memory 
location, leaving the remaining bits unchanged. 

RK Format - EXECUTE REMOTE 

Execute the instruction stored at memory address Y; do not change (P) 
when reading this instruction. Then continue with the next sequential 
instruction. 

RX Format - BIASED FETCH 

Transfer the sign (bit 15) of the contents of memory address Y to 
Condition Code bits 8 and 9 and then set the two most significant bits 
at that memory location, leaving the remaining bits unchanged. 


Operation Code 36 


assigned 


® 


© 


Operation Code 37 - Not assigned 


Operation Code 40 


RR Format - CONDITIONAL JUMP 

Test for the condition specified in table IV for the a-value and perform 

one of the following: 

(1) If the specified condition is met, load (R m ) in P (jump to the in¬ 
struction located at the address specified in R m ). If a specified 
Stop, or a Stop Key condition is met, disable RTC and stop the com¬ 
puter. On restart, load (R m ) in P (jump to the instruction at the 
address specified by (R m )). 

(2) If the specified jump condition is not met, execute the next instruc¬ 
tion. If the specified stop condition is not met, execute the jump 
without stopping. 

RI Format, Type 1 - LOCAL JUMP 

Load Y in P (jump to the instruction located at memory address Y). 

Y = (P)j +d. " 

RK Format - CONDITIONAL JUMP 

Test for the condition specified in Table IV for the a-value and perform 

one of the following: 

(1) If the specified condition is met, load Y in P (jump to the instruc¬ 
tion located at the address specified by operand Y). If a specified 
Stop, or a Stop Key condition is met, disable RTC and stop the com¬ 
puter. On restart, load Y in P (jump to the instruction located at 
the address specified by operand Y). 

(2) If the specified jump condition is not met, execute the next instruc¬ 
tion. If the specified stop condition is not met, execute the jump 
without stopping. 



See Table IV 
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TABLE IV. CONDITIONS FOR a-VALUE IN JUMP INSTRUCTIONS 


ULTRA Symbol 

■fnv FAvmfit 

S — 

Jump Condition 

X V/ JL 

RR 

t v/ jl iiia I, 

RK 

RX 

a 

Value 

Condition code for 
Arithmetic Operation 
Indicates 

Condition code for 

Compare Operation 

Indicates 

JER 

JE 

JE 

0 

Zero (bit 8 = 0) 

Equal (bit 8=0) 

JNER 

JNE 

JGE 

1 

Not Zero (bit 8=1) 

Not Equal (bit 8=1) 

JGER 

JGE 

JGE 

2 

Positive (bit 9=0) 

Greater Than or 

Equal (bit 9=0) 

JLSR 

JLS 

JLS 

3 

Negative (bit 9=1) 

Less Than (bit 9=1) 

JOR 

JO 

JO 

4 

Overflow designator is set 

JCR 

JC 

JC 

5 

Carry designator is set 

JPTR 

JPT 

JPT 

6 

Power is out of tolerance 

JBR 

JB 

JB 

7 

Bootstrap 2 is selected 

JR 

J 

J 

10 

Unconditional Jump 


JSR 

JS 

JS 

11 

Stop; jump on restart 


JKSR 

JKS 

JKS 

12 

Stop if program stop key 1 is selected, jump 
on restart 

JKSR 

JKS 

JKS 

13 

Stop if program stop key 2 is selected, jump 
on restart 

— 

— 

— 

14-17 

Not assigned 



@ .RX Format - CONDITIONAL JUMP 

Test for the condition specified in Table IV for the a-value and perform 
one of the following. 

(1) If the specified condition is met, load (Y) in P (jump to the in¬ 
struction located at the address specified by the contents of memory 
address Y). If a specified Stop, or a Stop Key condition is met, 
disable RTC and stop the computer. On restart, load (Y) in P (jump 
to the instruction located at the address specified by the contents 
of memory address Y). 

s (2) If the specified jump condition is not met, execute the next instruc¬ 
tion. If the specified stop condition is not met, execute the jump 
without stopping. 


© See Table IV 
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XJR 


LJ 


XJK 


XJ 


JLRR 


JLR 


JLK 


LJLM 


Operation Code 41 
RR Format - INDEX JUMP 

Test (R a ) and perform one of the following: 

(1) If (R a ) does not equal zero, decrease (R a ) by 1 and load (R m ) in P 
(jump to the instruction located at the address stored in R m ). 

(2) If (R g ) equals zero, execute the next instruction. 

RI Format, Type 1 - LOCAL JUMP INDIRECT 

Unconditionally jump to the address specified by the contents of memory 
address Y. Y = (P)+D. 

RK Format - INDEX JUMP 

Test (R g ) and perform one of the following: 

(1) If (R a ) does not equal zero, decrease (R g ) by 1 and load operand Y 
in P (jump to the instruction located at address Y). 

(2) If (R a ) equals zero, execute the next instruction. 

RX Format - INDEX JUMP 

Test (R a ) and perform one of the following: 

(1) If (R a ) does not equal zero, decrease (R a ) by 1 and load (Y) in P 
(jump to the instruction located at the address specified by the 
contents of memory address Y). 

(2) If (R a ) equals zero, execute the next instruction. 


Operation Code 42 

RR Format - JUMP AND LINK REGISTERS 

Store (P)+l in R a , and load (R m ) in P (jump to the instruction located 
at the address stored in R m ). 

RI Format - Not assigned 

RK Format - JUMP AND LINK REGISTER 

Store (P)+2 in R a , and load operand Y in P (jump to the instruction 
located at the address Y). 

RX Format - JUMP AND LINK REGISTER 

Store (P)+2 in R a , and load (Y) in P (jump to the instruction located 
at the address specified by the contents of address Y). 


Operation Code 43 
RR Format - Not assigned 

RI Format, Type 1 - LOCAL JUMP AND LINK MEMORY 

Store (P)+l at memory address Y, and load Y+l in P (jump to the 

instruction located at memory address Y+l. Y = (P)+d. 
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JLM 


JLM 


JZR 


LJE 


JZ 


JZ 


JNZR 


RK Format - JUMP AND LINK MEMORY 

Store (P)+2 at memory address Y, and load Y+l in P (jump to the instruc¬ 
tion located at memory address Y+l). 

RX Format - JUMP AND LINK MEMORY 

Store (P)+2 at the address specified by the contents of address Y, and 
load (Y+l) in P (jump to the instruction located at the address specified 
by the contents of address Y+l). 


Operation Code 44 

RR Format - JUMP REGISTER = 0 

Test (R g ) and perform one of the following: 

(1) If (R g ) equals zero, load (R m ) in P (jump to the instruction located 
at the address stored in R m ). 

(2) If (R a ) does not equal zero, execute the next instruction. 

RI Format, Type 1 - LOCAL JUMP EQUAL 

Test the Condition Code in the Status Register and perform one of the 
following: 

(1) If bit 8 of the Condition Code is zero, load Y in P (jump to the 
instruction located at memory address Y). Y = (P)+d. 

(2) If bit 8 of the Condition Code is not zero, execute the next instruc¬ 
tion. 

RK Format - JUMP REGISTER = 0 

Test (Rg) and perform one of the following: 

(1) If (Rg) equals zero, load operand Y in P (jump to the instruction 
located at the address specified by operand Y). 

(2) If (R a ) does not equal zero, execute the next instruction. 

RX Format - JUMP REGISTER = 0 

Test (Rg) and perform one of the following: 

(1) If (Rg) equals zero, load (Y) in P (jump to the instruction located 
at address specified by the contents of memory address Y). 

(2) If (Rg) does not equal zero, execute the next instruction. 

Operation Code 45 

RR Format - JUMP REGISTER i 0 
■» Test (Rg) and perform one of the following: 

(1) If (R a ) does not equal zero, load (R ra ) in P (jump to the instruction 
located at the address stored in R m ). 

(2) If (R„) equals zero, execute the next instruction. 

d 
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LJNE RI Format, Type 1 - LOCAL JUMP NOT EQUAL 

Test the Condition Code and perform one of the following: 

(1) If bit 8 of the Condition Code is one, load Y in P (jump to the 
instruction located at memory address Y). Y = (P)+d. 

(2) If bit 8 of the Condition Code is not one, execute the next 
instruction. 

JNZ RK Format - JUMP REGISTER ± 0 

Test (R g ) and perform one of the following: 

(1) If (R a ) does not equal zero, load Y in P (jump to the instruction 
located at the address specified by operand Y). 

(2) If (R a ) equals zero, execute the next instruction. 

JNZ RX Format - JUMP REGISTER / 0 

Test (Rg) and perform one of the following: 

(1) If (R a ) does not equal zero, load (Y) in P (jump to the instruction 
located at the address specified by the contents of memory address 
Y). 

(2) If (R ) equals zero, execute the next instruction. 

3 


JPR 


LJGE 


JP 


•»> 


Operation Code 46 


RR Format - JUMP REGISTER POSITIVE 

Test (Rg) and perform one of the following: 

(1) If (R ) is equal to or greater than zero, load (R m ) in P (jump to 
the instruction located at the address stored in R m ). 

(2) If (R a ) is less than zero, execute the next instruction. 


RI Format, Type 1 - LOCAL JUMP GREATER THAN OR EQUAL 
Test the Condition Code and perform one of the following: 


(1) If bit 9 of the Condition Code is a zero, load Y in P (jump to the 
instruction located at memory address Y). Y = (P)+d. 


(2) If bit 9 of the Condition Code is not zero, execute the next 
instruction. 


RK Format - JUMP REGISTER POSITIVE 

Test (Rg) and perform one of the following: 

(1) If (R a ) is equal to or greater than zero, load Y in P (jump to the 
instruction located at the address specified by operand Y). 

(2) If (Rg) is less than zero, execute the next instruction. 
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JP RX Format - JUMP REGISTER POSITIVE 

Test (R g ) and perform one of the following: 

(1) If (R a ) is equal to or greater than zero, load (Y) in P (jump to 
the instruction located at address specified by the contents of 
memory address Y). 

(2) If (R_) is less than zero, execute the next instruction. 

d 


Operation Code 47 

JNR RR Format - JUMP REGISTER NEGATIVE 

Test (R a ) and perform one of the following: 

(1) If (R a ) is less than zero, load (R m ) in P (jump to the instruction 
located at the address stored in R m ). 

(2) If (Rg) is equal to or greater than zero, execute the next instruc 
tion. 

LJLS RI Format, Type 1 - LOCAL JUMP LESS THAN 

Test the Condition Code and perform one of the following: 

(1) If bit 9 of the Condition Code is one, load Y in P (jump to the 
instruction located at memory address Y). Y = (P)+d. 

(2) If bit 9 of the Condition Code is not one, execute the next 
instruction. 

JN RK Format - JUMP REGISTER NEGATIVE 

Test (R ) and perform one of the following: 

a 

(1) If (R a ) is less than zero, load Y in P (jump to the instruction 
located at the address specified by operand Y). 

(2) If (Rg) is equal to or greater than zero, execute the next 
instruction. 

JN RX Format - JUMP REGISTER NEGATIVE 

Test (Rg) and perform one of the following: 

(1) If (R a ) is less than zero, load (Y) in P (jump to the instruction 
located at address specified by the contents of memory address Y). 

(2) If (Rg) is equal to or greater than zero, execute the next 
instruction. 


Operation Code 50 - Not assigned 


Operation Code 51 - Not assigned 


Operation Code 52 - Not assigned 
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Operation Code 53 - Not assigned 


Operation Code 54 

RR Format - LOAD ADDRESS REGISTER 

Load the page address register specified by (R g ) with bits 15 and 5-0 
of (R m ). Only bits 0 through 5 of R a are interpreted. 

RI Format - LOAD ADDRESS REGISTER 

Load the page address register specified by (R g ) with bits 15 and 5-0 
of the contents of the memory address specified by (R m ). Only bits 0 
through 5 of R g are interpreted. 

RK Format - Not assigned 

RX Format - LOAD ADDRESS REGISTER MULTIPLE 

Load bits 15 and 5-0 of the contents of sequential memory addresses be¬ 
ginning at Y, into sequential page address registers beginning at the 
address word defined by (R g ) and continuing until the number of executions 
equals the count defined by (R a ). Bits 0 through 5 of R a designate the 
word and bits 8 through 13 of R g designate the count. A count of zero 
causes all page registers to be loaded. 


Operation Code 55 

RR Format - STORE ADDRESS REGISTER 

Store the page address register specified by (R g ) in R m . Only bits 0 
through 5 of R g are interpreted. 

RI Format - STORE ADDRESS REGISTER 

Store the page address register specified by (R a ) in the memory address 
specified by (R m ). Only bits 0 through 5 of R a are interpreted. 

RK Format - Not assigned 

RX Format - STORE ADDRESS REGISTER MULTIPLE 

Store sequential page address registers beginning at the address word 
defined by (R a ) into sequential memory addresses beginning at Y and 
continuing until the number of executions equals the count defined by 
(R g ). Bits 0 through 5 of R g designate the word and bits 8 through 13 
designate the count. A count of zero causes all page registers to be 
stored. 


Operation Code 56 - Not assigned 


Operation Code 57 - Not assigned 
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Operation Code 60 


RL (00) Format - LOGICAL RIGHT SINGLE SHIFT 

Shift (R a ) right n places with zero extended to fill, "n" is the value 
in bits 0-3 of the instruction m-designator. 

RL (01) Format - ALGEBRAIC RIGHT SINGLE SHIFT 

Shift (R a ) right n places with sign extended to fill, "n" is the value 
in bits 0-3 of the instruction m-designator. 

RL (10) Format - LOGICAL RIGHT DOUBLE SHIFT 

Shift the double length (R a , R a +i) right n places with zeros extended 
to fill, "n" is the value in bits 0-3 of the instruction m-designator. 

RL (11) Format - ALGEBRAIC RIGHT DOUBLE SHIFT 

Shift the double length (R a , R a+ j) right n places with sign extended to 
fill, "n" is the value in bits 0-3 of the instruction m-designator. 


Operation Code 61 

RL (00) Format - ALGEBRAIC LEFT SINGLE SHIFT 

Shift (R a ) left n places with zeros extended to fill, "n” is the 
value in bits 0-3 of the instruction m-designator. 

RL (01) Format - CIRCULAR LEFT SINGLE SHIFT 

Shift (R a ) left circular n places, "n" is the value in bits 0-3 of the 
instruction m-designator. 

RL (10) Format - ALGEBRAIC LEFT DOUBLE SHIFT 

Shift the double length (R a , R a +i) left n places with zeros extended to 
fill, "n" is the value in bits 0-3 of the instruction m-designator. 

RL (11) Format - CIRCULAR LEFT DOUBLE SHIFT 

Shift the double length (R a , R a +i) left circular n places, "n" is the 
value in bits 0-3 of the instruction m-designator. 


Operation Code 62 


RL (00) Format - SUBTRACT 

Subtract the 4-bit literal contained in the m-designator of the instruc¬ 
tion from (R a ), store the result in R a , and set the Condition Code 
(table XIII). 

RL (01) Format - SUBTRACT DOUBLE 

Subtract the 4-bit literal contained in the m-designator of the 
instruction from the double length (R g , R a +i). store the result in 
R a , R a+ i» and set the Condition Code (table XIII). 

RL (10) Format - ADD 

Add the 4-bit literal contained in the m-designator of the instruction 
to (R ), store the result in R , and then set the Condition Code (table 
XIII): a 



RL (11) Format - ADD DOUBLE 

Add the 4-bit literal contained in the m-designator of the instruction 
to the double length (R a , R a+1 ), store the result in R a , R a+ j, and 
then set the Condition Code (table XIII). 


Operation Code 63 
RL (00) Format - LOAD 

Load the 4-bit literal contained in the m-designator of the instruction 
into R a and set the Condition Code. 

RL (01) Format - COMPARE 

Arithmetically compare the 4-bit literal contained in the m-designator 
of the instruction with (R g ) and set the Condition Code. 

RL (10) Format - MULTIPLY 

Multiply the 4-bit literal contained in the m-designator of the instruc¬ 
tion by (R a +i) and store the double length result in R a , R a +i; then set 
the Condition Code (table XIII). 

RL (11) Format - DIVIDE 

Divide the double length (R t R a _j) by the 4-bit literal contained in 
the m-designator of the instruction, store the quotient in R a +i and 
the remainder in R a ; then set the Condition Code (table XIII). 


Operation Code 64 
RR Format - Not assigned 
RI Format - Not assigned 
RK Format - Not assigned 
RX Format - BYTE SUBTRACT 

Subtract the selected byte of memory address Y from (R g ), store the 
result in R gt and set the Condition Code (table XIII). 


Operation Code 65 
RR Format - Not assigned 
RI Format - Not assigned 
RK Format - Not assigned 
RX Format - BYTE ADD 

Add the selected byte from memory address Y to (R a ), store the result 
in R g1 and set the Condition Code (table XIII). 
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Operation Code 66 
RR Format - Not assigned 
RI Format - Not assigned 
RK Format - Not assigned 
RX Format - BYTE COMPARE 

Arithmetically compare (R a ) to the selected byte of memory address Y, 
and set the Condition Code (table XIII). 


Operation Code 67 

RR Format - Reserved for user-designated macroinstructions. 

RI Format - Not assigned 
RK Format - Not assigned 
RX Format - BYTE COMPARE AND INDEX BY 1 

Arithmetically compare (R a ) to the selected byte of memory address Y, 
set the Condition Code (table XIII), and increment (R m ) by 1. 


Operation Code 70 

(?) ACR, RR Format - CHANNEL CONTROL (COMMAND OR CHAINING) 

m Perform the operation specified by the m-designator as specified in 

table V on all I/O channels or the channel specified by the a-designator 
as specified in table V. For chaining, the a-designator is not used. 

(?) 10 RX Format - INITIATE TRANSFER (CHAINING) 

Load the control memory Buffer Control Word (BCW) and Buffer Address 
Pointer (BAP) locations with the contents of memory addresses Y and 
Y+l respectively, and enable input or output transfers on the channel 
corresponding to the chain executing the instruction. Address Y must 
be even. Chaining on the channel (input or output) is disabled until 
transfer termination. Transfer termination results when the buffer word 
count decrements to zero. Chaining is re-enabled after transfer termi¬ 
nation. The a-designator is interpreted as specified in table VI, 
and is applicable for both parallel and serial transfers. 


Operation Code 71 


ICK or RK Format - INITIATE CHAIN (COMMAND) 

OCK Initiate chaining for the channel specified by the a-designator. The 

s m-designator specifies the chain: m = 2, input chain; m = 6, output 
chain. Load the corresponding Chain Pointer with the operand Y for 
_use as the starting address for the selected chain. 



See Table V 
See Table VI 
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TABLE V. CHANNEL CONTROL INSTRUCTION m-DESIGNATOR 


ULTRA 

Symbol 

m 

Value 

Instruction 


0 

*Master clear all channels (deactivate all data buffers and 
disable all external interrupt data and Class III interrupts). 


1 

Not assigned 


2 

Not assigned 


3 

Not assigned 

ACR 

4 

*Set External Interrupt Enable (EIE) lines on all channels. 

Accept external interrupt data on all channels. Store the 
data at assigned memory addresses and clear EIE on affected 
channel. 


5 

*Clear EIE on all channels. (Do not accept external interrupt 
data from any channel.) 


6 

^Enable external interrupt monitors on all channels. Generate 
the Class III, Priority 2 interrupt if any external interrupt 
was accepted with monitors disabled. Enable generation of 

Class III priority 2, 3, and 4 interrupts. 


7 

^Disable generating the Class III, Priority 2, 3, and 4 
interrupts for all channels. 


10 

Master clear the channel specified by the a-designator. 


11 

Not assigned 


12 

Not assigned 


13 

Not assigned 

CCR 

14 

Set EIE line for channel specified by the a-designator. 

(Accept external interrupt data on the channel.) Store the 
data at the assigned memory address and clear the EIE. 


15 

Clear EIE line for channel specified by the a-designator. 

(Do not accept external interrupt data on the channel.) 

% 

16 

Enable external interrupt monitor on the channel specified by 
the a-designator. Generate the Class III, Priority 2 interrupt 
if any external interrupt was accepted on the channel with 
monitor disabled. Enable generation of Class III priority 2, 

3, and 4 interrupts on the channel. 


17 

Disable generating the Class III, Priority 2, 3, and 4 inter¬ 
rupts for the channel specified by the a-designator. 


* The a-designator must be zero. 
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TABLE VI. INITIATE TRANSFER INSTRUCTION a-DESIGNATOR 


a. Parallel or NTDS Serial 


ULTRA 

Symbol 

a-Value 

Transfer Mode 


0 

Input data 

10 

1 

Output data 


2 

External function 


3 

External function with force 


4-17 

Not assigned 


b. MIL-STD-188 Serial 


a-Value 

Function 

X X X 0 

Serial input without monitor 

XXXI 

Serial input with monitor 

X X 0 X 

Generate-check odd parity 

XXIX 

Generate-check even parity 

X 0 X X 

Disable parity 

X 1 X X 

Enable parity 

0 X X X 

Serial input without suppress 

1 X X X 

Serial input with suppress 


(7) LCMK RK Format - LOAD CONTROL MEMORY (CHAINING) 

Load the control memory location specified by the m-designator as 
specified in table VII with Y. The a-designator is not used. 


LCM RX Format - LOAD CONTROL MEMORY (COMMAND) 

Load the control memory location specified by the m-designator as 
specified in table VII with the contents of the memory address 
specified by Y. The a-designator specifies the channel. 

LCM RX Format - LOAD CONTROL MEMORY (CHAINING) 

■s Load the control memory location specified by the m-designator as 
specified in table VII with the contents of address Y. The 
a-designator is not used. 


(?) See Table VII 
















TABLE VII. LOAD, STORE, CONTROL MEMORY VARIABLES 


a. m-designator 


m-Value 

Location 

0 

TM, 0, B and Buffer Word Count (IN) 

1 

Buffer Address Pointer (IN) 

2 

Chain Address Pointer (IN) 

3 

Not assigned 

4 

TM, 0, B and Buffer Word Count (OUT) 

5 

Buffer Address Pointer (OUT) 

6 

Chain Address Pointer (OUT) 

7 

Not assigned 

10 

Monitor Register (MIL-STD-188 and RS-232 Serial) 

11 

Suppress Register (MIL-STD-188 and RS-232 Serial) 

12 

Serial Mode Information (MIL-STD-188 and RS-232 


Serial) 

13-17 

Unassigned 















Operation Code 72 


RCM RX Format - STORE CONTROL MEMORY (COMMAND) 

Store the contents of the control memory location specified by the 
m-designator as specified in table VII at memory address Y. The 
a-designator specifies the channel. 

SCM RX Format - STORE CONTROL MEMORY (CHAINING) 

Store the contents of the control memory location specified by the 
m-designator as specified in table VII at memory address Y. The 
a-designator is not used. 


Operation Code 73 

RR Format - HALT/INTERRUPT (CHAINING) 

Perform one of the following as specified by the a-designator; the 
m-designator is not used: 

HCR (1) If a = 0, halt the chaining action. 

IPR (2) If a = 1, generate the Chain interrupt. 

RX Format - SET/CLEAR FLAG (CHAINING) 

Set or clear the most significant two bits (flag) of the memory 
location specified by Y as specified by the a-designator; the re- 
designator is not used. 


SF 

(1) 

If a = 1, 

set flag. 

ZF 

(2) 

If a = 0, 

clear flag. 


Operation Code 74 

RK Format - CONDITIONAL JUMP (CHAINING) 

Jump to the address specified by the operand y if the condition 
specified by table VIII is met. If none of the conditions are met, 
execute the next instruction. After execution of this instruction 
the Monitor Flag or Suppress Flag is cleared. 


TABLE VIII. CONDITIONAL JUMP INSTRUCTION a-DESIGNATOR 


a-Designator 

Jump Operation 

0 

Unconditional Jump 

1 

% 

Jump if Suppress Flag Not Set 

2 

Jump if Monitor Flag Set 
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Operation Code 75 

RR Format - SEARCH FOR SYNC SET SUPPRESS, SET MONITOR (CHAINING) 

(1) When bit 0 is set in the m-designator and the synchronous serial 
interface is in use, at each bit time the input channel compares 
the value of the last n bits of input data to the contents of 
the suppress register (n is equal to the character length of 
the channel). When a match occurs, the next character of n bits 
is compared to the suppress register. If the next character 
compare results in a match, the suppress designator is set and 
the next instruction of the chain is enabled. If the next char¬ 
acter compare does not result in a match, the suppress designator 
is not set and the next instruction of the chain is enabled. 

(2) When bit 1 is set in the m-designator, input data matching the 
character loaded into the suppress register shall not be trans¬ 
ferred to memory. Occurrence of suppression shall cause the 
suppress flag to be set. 

(3) When bit 2 is set in the m-designator and the interface is either 
the synchronous or asynchronous MIL-STD-188 or RS-232 serial 
interface, the last n bits of input data are compared to the 
monitor register. When a match occurs, the monitor flag is set 
and that character is input as data. The buffer is then termi¬ 
nated and the chain is enabled. 

(4) When the m-designator equals zero, disable the search for sync 
function on the channel. 

Operation Code 76 

RR Format - SET-CLEAR DISCRETES (COMMAND) 

Set or clear the discretes associated with the MIL-STD-188 or RS-232 
serial interface as specified by the m-designator. The a-designator 
specifies the channel. Discrete set-clear functions in the MIL-STD-188 
interface are specified in table IX. Discrete set-clear functions in 
the RS-232 interface are specified in table X. 

RR Format - SET-CLEAR DISCRETES (CHAINING) 

Set or clear the discretes associated with the MIL-STD-188 or RS-232 
serial interface as specified by the m-designator. The a-designator is 
not used. Discrete set-clear functions are specified in table IX and 
table X. 

RX Format - STORE STATUS (COMMAND) 

Store the data on the input data bus at the memory location specified 
by operand Y. The data is interpreted as specified in table XI for the 
MIL-STD-188 serial interface and as shown in table XII for the RS-232 
serial interface. The a-designator specifies the channel. 

RX Format - STORE STATUS (CHAINING) 

Shall store the data on the input data bus at the memory location speci¬ 
fied by operand Y. The data is interpreted as shown in table XI for the 
MIL-STD 188 serial interface and as specified in table XII for the RS- 
232 serial interface. The a-designator is not used. 

Operation Code 77 - Unassigned 
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TABLE IX. MIL-STD-188 DISCRETE SET-CLEAR FUNCTIONS 


m-Designator 

Function 

Discrete 

Line Designator 

1111 

Set 

Outbound Control Line 1 

A1 

1110 

Clear 

Outbound Control Line 1 

A1 

1101 

Set 

Outbound Control Line 2 

D1 

1100 

Clear 

Outbound Control Line 2 

D1 

1011 

Set 

Outbound Control Line 3 

FI 

1010 

Clear 

Outbound Control Line 3 

FI 

1001 

Set 

Outbound Control Line 4 

G1 

1000 

Clear 

Outbound Control Line 4 

G1 

0111 

Set 

Outbound Control Line 5 

HI 

0110 

Clear 

Outbound Control Line 5 

HI 

0101 

Set 

Outbound Control Line 6 

J1 

0100 

Clear 

Outbound Control Line 6 

J1 

0011 

Set 

Not used 


0010 

Clear 

Not used 


0001 

Clear 

Internal Loop Test 


0000 

Set 

Internal Loop Test 



TABLE X. RS-232 DISCRETE SET-CLEAR FUNCTION 


ra-Designator 

Function 

Discrete 

1111 

Set 

Loop Test 

1110 

Clear 

Loop Test 

1101 

Set 

Data Terminal Ready 

1100 

Clear 

Data Terminal Ready 

1011 

Set 

New Sync 

1010 

1 

Clear 

New Sync 
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TABLE X. RS-232 DISCRETE SET-CLEAR FUNCTION (CONT) 


m-Designator 

Function 

Discrete 

1001 

Set 

Request to Send 

1000 

Clear 

Request to Send 

0111 

Set 

Enable Ring Interrupt 

0110 

Clear 

Enable Ring Interrupt 

0101 


Spare 

0100 


Spare 

0011 


Spare 

0010 


Spare 

0001 

Clear 

Internal Loop Test 

0000 

Set 

Internal Loop Test 


TABLE XI. STORE STATUS BIT INTERPRETATION, 
MIL-STD-188 SERIAL INTERFACE 


Bit 

Function 

Description 

0 

Break 

The serial I/O did not detect a stop bit. 

Used in asynchronous mode only. 

1 

Overrun 

The serial I/O did not transfer a data 
word to memory before another I/O word 
was received. 

2 

Parity Error 

The serial I/O detected a parity error 
on an input data word. 

3 

E6 Active 

Control Line E6 was set active by an 
external device. 


TABLE XII. STORE STATUS BIT INTERPRETATION, 
RS-232 SERIAL INTERFACE 


Bit 

Function 

Description 

0 

Break 

The serial I/O did not detect a stop bit. 

Used in asynchronous mode only. 

1 

Overrun 

The serial I/O did not transfer to memory 
before another I/O word was received. 

2 

% 

Parity error 

The serial I/O detected a parity error on 
an input data word. 

3 

Clear to 

Send 

Clear to Send was set active by an external 
device. 
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TABLE XIII. CONDITION DESIGNATORS 


Instruction 

Carry 

Designator 

Overflow 

Designator 

Condition 

Code 

Register 

(9) 

(8) 

00 RR Diagnostic Return 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Byte Load 

0 

0 

0 

X 

<R a ) 

01 RR Load 

0 

0 

X 

X 

(R a ) 

RI Load 

0 

0 

X 

X 

(R a } 

RK Load 

0 

0 

X 

X 

(R a ) 

RX Load 

0 

0 

X 

X 

(R a } 

02 RR Unary-Arithmetic 






m = 0 Make Positive 

X 

X 

X 

X 

<V 

m = 1 Make Negative 

X 

0 

X 

X 

(R a } 

m = 2 Round R g 

X 

X 

X 

X 

< R a> 

m = 3 Unassigned 

NC 

NC 

NC 

NC 


m = 4 Twos Complement 

X 

X 

X 

X 

<V 

Single 






m = 5 Twos Complement 

X 

X 

X 

X 

^a• R a+1 

Double 






m = 6 Ones Complement 

0 

0 

X 

X 

(R a } 

Single 






m = 7 Unassigned 

NC 

NC 




m = 10 Increment (R ) by 1 

3 

X 

X 

X 

X 

( V 

m = 11 Decrement (R ) by 1 

3 

X 

X 

X 

X 

(R a ) 

m = 12 Increment (R ) by 2 

3 

X 

X 

X 

X 

(R a ) 

m = 13 Decrement (R ) by 2 

a 

X 

X 

X 

X 

(R ) 

3 

m = 14 - 17 

NC 

NC 

NC 

NC 



NC: no change in the designator 


0: end result is 0. 

% 

X: contingent upon the designator function 

for that instruction 


NA: not applicable 
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TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

Overflow 

Condition 

Code 

Register 


Designator 

Designator 

(9) 

(8) 

RI-2 Load 

0 

0 

X 

X 

U! a . R a+1 > 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Load Double 

0 

X 

X 

X 

*-^a» ^a+1-* 

03 RR Unary-Control 






m = 0-3 

0 

o 

X 

X 

(R a } 

m = 4 - 17 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Load Multiple 

NC 

NC 

NC 

NC 


04 RR Unary-Shift 






m = 0 Unassigned 

NC 

NC 

NC 

NC 


m = 1 Reverse 

0 

0 

X 

X 

(R a ) 

Register 






m = 2 Count Ones 

NC 

NC 

NC 

NC 


m = 3 Scale Factor 

NC 

NC 

NC 

NC 


m = 4 - 17 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Byte Load & Index by 1 

0 

0 

0 

X 

(R a ) 

05 RR Set Bit 

0 

0 

X 

X 

(R a ) 

RI Load & Index by 1 

0 

0 

X 

X 

(R a } 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Load and Index by 1 

0 

0 

X 

X 

< R a> 

06 RR Clear Bit 

0 

0 

X 

X 

<V 

RI Load Double & Index by 2 

0 

0 

x 

X 

(R a- R a+1 } 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Load Double & Index by 2 

0 

0 

X 

X 

(R a' R a+ 1 ) 

07 RR Compare Bit 

0 

0 

X 

X 

1 

(R ) 
a 

RI Load PSW 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Load PSW 

NC 

NC 

NC 

NC 
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TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

Designator 

Overflow 

Condition 

Code 


Designator 

(9) 

(8) 

Register 

10 RR Logical Right Single 

Shift 

0 

0 

X 

X 

(R ) 
a 

RI Unassigned 

NC 

NC 

NC 

NC 


RK Logical Right Single 

Shift 

0 

0 

X 

X 

(R a } 

RX Byte Store 

NC 

NC 

NC 

NC 


11 RR Algebraic Right Single 

Shift 

0 

0 

X 

X 

(R a } 

RI Store 

NC 

NC 

NC 

NC 


RK Algebraic Right Single 

Shift 

0 

0 

X 

X 

(R a } 

RX Store 

NC 

NC 

NC 

NC 


12 RR Logical Right Double 

Shift 

0 

0 

X 

X 

(R a' W 

RI Store Double 

NC 

NC 

NC 

NC 


RK Logical Right Double 

Shift 

0 

0 

X 

X 

<R a' W 

RX Store Double 

NC 

NC 

NC 

NC 


13 RR Algebraic Right Double 

Shift 

0 

0 

X 

X 

(R , R ,) 
a’ a+1 

RI Unassigned 

NC 

NC 

NC 

NC 


RK Algebraic Right Double 

Shift 

0 

0 

X 

X 

(R a * W 

RX Store Multiple 

NC 

NC 

NC 

NC 


14 RR Algebraic Left Single Shift 

0 

X 

X 

X 

( V 

RI Unassigned 

NC 

NC 

NC 

NC 


RK Algebraic Left Single Shift 

0 

X 

X 

X 

( V 

RX Byte Store & Index by 1 

NC 

NC 

NC 

NC 



15 RR Circular Left Single Shift 
RI Store & Index by 1 

RK Circular Left Single Shift 
RX Store & Index by 1 


0 

0 

X 

NC 

NC 

NC 


X 

NC 




(R a> 


o 

NC 


o 

NC 


X 

NC 


X 

NC 












TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

— 

Overflow 

Condition 

Code 

Register 

Designator 

Designator 

(9) 

(8) 

16 RR Algebraic Left Double Shift 

0 

X 

X 

X 

(R , R , ) 
a ’ a+1 

RI Store Double & Index by 2 

NC 

NC 

NC 

NC 


RK Algebraic Left Double Shift 

0 

X 

X 

X 

(R , R ,) 
a’ a+1 

RX Store Double & Index by 2 

NC 

NC 

NC 

NC 


17 RR Circular Left Double Shift 

0 

0 

X 

X 

(R , R .) 






a’ a+1 

RI Store Zeros 

NC 

NC 

NC 

NC 


RK Circular Left Double Shift 

0 

0 

X 

X 

(R a' 'W 

RX Store Zeros 

NC 

NC 

NC 

NC 


20 RR Subtract 

X 

X 

X 

X 

(R ) 
a 

RI Subtract 

X 

X 

X 

X 

(R ) 

g 

RK Subtract 

X 

X 

X 

X 

(r v 

RX Subtract 

X 

X 

X 

X 

( V 

21 RR Subtract Double 

X 

X 

X 

X 

(R , R ,) 






a’ a+1 

RI Subtract Double 

X 

X 

X 

X 

(R , R ,) 






a' a+1 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Subtract Double 

X 

X 

X 

X 

(R a’ R a+1 } 

22 RR Add 

X 

X 

X 

X 

(R a } 

RI Add 

X 

X 

X 

X 

<V 

RK Add 

X 

X 

X 

X 

(R a } 

RX Add 

X 

X 

X 

X 

(R a } 

23 RR Add Double 

X 

X 

X 

X 

(R , R , ) 






a' a+1 

RI Add Double 

X 

X 

X 

X 

(R , R , ) 






a' a+1 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Add Double 

X 

X 

X 

X 

(R , R J 






a' a+1 

24 RR Compare 

X 

X 

X 

X 

Result 

RI Compare 

X 

X 

X 

X 

Result 

RK Compare 

X 

X 

X 

X 

Result 

RXb Compare 

X 

X 

X 

X 

Result 

25 RR Compare Double 

X 

X 

X 

X 

Result 

RI Compare Double 

X 

X 

X 

X 

Result 
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TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

Designator 

Overflow 

Designator 

Condition 

Code 

Register 

(9) 

(8) 

RK Unassigned 

NC 

NC 

NC 

NC 


RX Compare Double 

X 

X 

X 


Result 

26 RR Multiply 

0 

0 

X 

X 

(R a' R a + 1> 

RI Multiply 

0 

0 

X 

X 

( V w 

RK Multiply 

0 

0 

X 

X 

vu 

RX Multiply 

0 

0 

X 

X 

( V w 

27 RR Divide 

0 

X 

X 

X 

(I W 

RI Divide 

0 

X 

X 

X 

(I W 

RK Divide 

0 

X 

X 

X 

< R a+ l> 

RX Divide 

0 

X 

X 

X 

«W 

30 RR AND 

0 

0 

X 

X 

<V 

RI AND 

0 

0 

X 

X 

< R a> 

RK AND 

0 

0 

X 

X 

(R a } 

RX AND 

0 

0 

X 

X 

(R a } 

31 RR OR 

0 

0 

X 

X 

( V 

RI OR 

0 

0 

X 

X 

(R a } 

RK OR 

0 

0 

X 

X 

( V 

RX OR 

0 

0 

X 

X 

(R a ) 

32 RR Exclusive OR 

0 

0 

X 

X 

(R a } 

RI Exclusive OR 

0 

0 

X 

X 

<V 

RK Exclusive OR 

0 

0 

X 

X 

(R a ) 

RX Exclusive OR 

0 

0 

X 

X 

(R a ) 

33 RR Masked Substitute 

0 

0 

X 

X 

(R a ) 

RI Masked Substitute 

0 

0 

X 

X 

(R ) 
a 

RK Masked Substitute 

0 

0 

X 

X 

(R a } 

RX Masked Substitute 

0 

0 

X 

X 

(R a } 

34 RR Compare Masked 

0 

0 

X 

X 

Result 

RI Compere Masked 

0 

0 

X 

X 

Result 

RK Compare Masked 

0 

0 

X 

X 

Result 

RX Compare Masked 

0 

0 

X 

i 

X 

Result 
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TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

Designator 

Overflow 

Designator 

Condition 

Code 

Register 

(9) 

(8) 

35 RR 

I/O Command 

NC 

NC 

NC 

NC 


RI 

Biased Fetch 

0 

0 

X 

X 

(Y) 

RK 

Execute Remote 

NC 

NC 

NC 

NC 


RX 

Biased Fetch 

0 

0 

X 

X 

(Y) 

36 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Unassigned 

NC 

NC 

NC 

NC 


37 Unassigned 

NC 

NC 

NC 

NC 


40 - 47 

NC 

NC 

NC 

NC 


50 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

1C 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Unassigned 

NC 

NC 

NC i 

NC 


51 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Unassigned 

NC 

NC 

NC 

NC 


52 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

NC 

1C 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Unassigned 

NC 

1MC 

NC 

NC 


53 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

! 

NC 

NC 

NC 


54 RR 

Load Address Register 

NC 

NC 

NC 

NC 


RI 

Load Address Register 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Load Address Register 

NC 

NC 

NC 

NC 



Multiple 






55 RR 

Store Address Register 

NC 

NC 

NC 

NC 


RI 

Store Address Register 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Store Address Register 

NC 

NC 

NC 

NC 


56 RR 

Unassigned 

NC 

NC 

NC 

NC 


RI 

Unassigned 

NC 

NC 

NC 

NC 


RK 

Unassigned 

NC 

NC 

NC 

NC 


RX 

Unassigned 

NC 

NC 

NC 

NC 
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TABLE XIII. CONDITION DESIGNATORS (CONT) 


Instruction 

Carry 

Overflow 

Condition 

Code 

Register 

Designator 

Designator 

(9) 

(8) 

57 RR Urtassigned 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Unassigned 

NC 

NC 

NC 

NC 


60 RL-1 Logical Right 

0 

0 

X 

X 

(R a ) 

Single-Shift 






RL-1 Algebraic Right 

0 

0 

X 

X 

(R ) 

Single-Shift 





3 

RL-3 Logical Right 

0 

0 

X 

X 

(R a * R a+1 > 

Double-Shift 





d dTi 

RL-4 Algebraic Right 

0 

0 

X 

X 

(R g • R ,,) 

Double-Shift 





3 3+1 

61 RL-1 Algebraic Left 

0 

X 

X 

X 

( R ) 

Single-Shift 





3 

RL-2 Circular Left 

0 

0 

X 

X 

(R.) 

Single-Shift 





3 

RL-3 Algebraic Left 

0 

X 

X 

X 

(R a » R ,) 

Double-Shift 





3 3+1 

RL-4 Circular Left 

0 

0 

X 

X 

(R a . K -ui } 

Double-Shift 





a a+1 

62 RL-1 Subtract 

X 

X 

X 

X 

( V 

RL-2 Subtrrct Double 

X 

X 

X 

X 

(R , R , ) 






a' a+1 

RL-3 Add 

X 

X 

X 

X 

( V 

RL-4 Add Double 

X 

X 

X 

X 

(R , R ,) 






a' a+1 

63 RL-1 Load 

0 

0 

0 

X 

<R a> 

RL-2 Compare 

X 

X 

X 

X 

( V 

RL-3 Multiply 

0 

0 

X 

X 

(B a- R a + 1> 

RL-4 Divide 

0 

X 

X 

_] 

X 

(R a + l) 
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TABLE XIII. CONDITION DESIGNATORS (CQNT) 


Instruction 

Carry 

Designator 

Overflow 

Designator 

Condition 

Code 

Register 

(9) 

(8) 

64 RR Unassigned 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

1MC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Byte Subtract 

X 

X 

X 

X 

( V 

65 RR Unassigned 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Byte Add 

X 

X 

X 

X 

( V 

66 RR Unassigned 

NC 

NC 

NC 

NC 


RI Unassigned 

NC 

NC 

NC 

NC 


RK Unassigned 

NC 

NC 

NC 

NC 


RX Byte Compare and Index 

X 

X 

X 

X 

Result 

by 1 






67 RR Reserved 

As required 

As required 

As re 

- 





quired 


RI Unassigned 

NC 

NC 

NC 

NC 


RX Unassigned 

NC 

NC 

NC 

NC 


FiX Byte Compare and Index 

X 

X 

X 

X 

Result 

by 1 






70 - 77 

NA 

NA 

NA 

NA 
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APPENDIX C 


MICROPROGRAM LISTING 


The microprogram, contained in the ROM, provides internal control for the DPS and 
provides the microinstruction sequences for execution of each macroinstruction. 

Most subroutines are preceded by a title or macroinstruction function code. See the 
operational description near the end of Chapter 3 for an introduction to micro¬ 
program operation. 




C-l 




DATE 101573 


PAGE 


1 


Si 

non-existant 


Di 

NOn-Existant 


Dl/Sl 

breakpoint register 


Dl/Sl 

p register 


01/SI 

memory data register 


SI 

PAGE TABLE 


02 

PAGE TABLE 

_ * _ 

SI 

SHIFT MATRIX OUTPUT 


SI 

PARTIAL PRODUCT 

.. _ 

SI 

monitor clock 


02/S2 

micro p 

_ 

02/S2 

CONDITION REGISTER 


D2/S2 

qISPLaY register 

_ _ 

S 2 

CONSOLE MODE 


S 2 

SHIFT COUNTER - 

... - 

S 2 

NORMALIZE 


S2 

rTC UPPER - -- 

•V a* 

D1/S2 

sTAT 1 


D1/S2 

STAT 2 -- 

■ - .. -- 

D1/S2 

RTC l oaer 


S 2 

general register stack 

. _ _ .. _ 

5 2 

COKDIC Table 


S2 

interrupt codes _ 

... . _ 

D 2 

translator-m. 


St 

INDIRECT PoInTER-1/0 XLATOR 


D2/S2 

I/O TRANSLATOR 


S2 

INSTRUCTION REGISTER _ 

_ .. 

02 

INSTRUCTION REGISTER 


S2 

I•R• A AND tt FIELDS - SIGN EXTED 

_ 

D2/S2 

I/O CONTROL MEMORY REGISTER 


S2 

input data 

_ ..... 

02 

OUTPUT DATA 


Dl 

general register STACK 

_ 

01 

shift COUNTER 


Dl 

MEMORY ADDRESS REGISTER 


02 

CYCLE COUNT 


D2 

s GENERAL REGISTER 

.. 

Di 

PAGE ADDRESS COUNTER 



• JP TO OlAG PROG IF DIAG JP SVUTCH IS UP 

• CONSOLE node to A 7 

. JUMP TO MASTER CLEAR SEQ 

• disable monitor clock 

• JUMP to ADDRESS 7771 

• transfer zeros TO AO 

t JUMP TO ADDRESS 6 0 C 0 

• IAQ!*»77777* 1*5 COMP OF AO TO At* 

• LOAD MICRO HOLD REG *1 TH 00 1 1 

• MICRO P HOLD TO Ai 












M l N l-UYK-2C CAPE! 


DATE I01S73 


PAGE 


2 




® 

O 

O 

o 

o 

o 


o 

o 

o 


o 

o 

o 


o 

: 9 

i 

i 9 

I 9 

t 

! ® 


o 


I 

co 

O 


— 56 

57 

- 58 

5? 

- 60 

61 

-- -62 

63 

- 4>H 

65 

-. 66 

67 

-68 

69 

-JO 

71 

-72 

73 

-7M 

75 

-76 

77 

-78 

79 

-ea< 

8 1 * 

-82 1 

83 < 

- 8 * 1 < 

85 


000012 01 7773 

000013 13 13 017 


000017 12 10 000 

-000020 —12 03 077- 

000021 16 10 001 
GC0C22 00 10 !C 02 
000023 10 10 0C1 

-00002*1 IS 18-00-06 

000025 12 11 020 

000026^—1 3-- -12- 000- 

000027 13 15 000 

-000030—13- --Q3-—04-7- 

000031 16 .10 GQ2 

-0C0C32 02^ 15—15 03 — 

0QG033 15 IS 02 00 

-—Q0QG3*1- 00-*5-|5- G2"- 

000035 13 12 007 

-000036 01 2323- 

000037 00 10 13 01 


-06 

87 

-08 


89 
50 
91 
9 2 
93 
__9*L 
95 


0000 MO 01 0265 
-000C H l—OO GO O O OO 

-0000H2 -Oi 0265- 

0000*13 00 00 00 00 


0000*1 *1 01 0265 

0000*15_00 00 OQ 00 



_9 8 • _ 

99. 

_100 • _ 

101 . 

_ 102 . 

103. 

_1Q*U - 

105. 

_106. 

107. 

- 108.- 

109. 

_J 10. 


_OOOO H 6- —OX—02 65_ 

0000*17 00 00 00 00 


000050 01 0265 

_cooos i_QQ_Qfl_Q0 DO 

_000052 _ QL 0265_ 

000053 00 00 00 00 


00005*1 01 0265 

—- 000055 00 00 OC 00- 

-000056 01 0265 - 

000057 00 00 00 00 


111 

112 


000060 01 0265 

_000061 - OO-OO-OQ 00 


-_ J 07773 .JUMP TO DIAG RETURN ROUTINE 

TC2 SGR 10 17 . SETUP SqR FOR 0 I A G RETURN ROUTINE 


SETADR 017 • 


• master clear subroutine 

MCSUBO TCI PACtO 

-TC2 CK §077 

RN | 

-7-PTBLDtPAC*2 

AC AG • 1 

-MC- 016 » 0 16 

TCI A 1*020 

--—-TC2 ! RD »0 

MCSUB TC2 XLTR ,Q 

-TC2—CK * 1 5 

RN 2 . REPEAT NEXT 3 INST 

-AS2—A 5 t X L T R » 3 . A1 ♦ TRANSLATOR TO A5 

MC 015.2,0 • CHANNEL CONTROL 

-T-XLTR|A5b2 • -- 

TC2 IRO »7 • 

-J-LAS .- ... - 

T AO,IRS.1 


SETADR 0*10 * 


clR page address counter 

REPEAT CT 

REPEAT NEXT 2 INST 

PAGE ADDRESS VALUE TO PAGE TABLE 

inc page table value 
clR I/O DA T A/D X SABLE R T C 


—•—rc~o*i *R — unary-shift 

• 

-r-M-17 UNASSlGNED 

EMF1 J EMIIL 

-HOOP- - 

• M16 UNASSIGNED 

-J-EMIIL 

NOOP 

-.—H-15-UNASS I GNED 

J EMIIL 

_NQQ P___ 

• Ml*! UNASSlGNED 

_J_emlil _ 

NOOP 

_a._H13 UNASSlGNED 

J EMIIL 

_NOOP__ 

• M 12 UNASSlGNED 

_J_emul 

NOOP 

_a-JUi UNASSlGNED 

J EMIIL 

____NQQP 

• M10 UNASSlGNED 

. . . J-EMLIL 

NOOP 

__♦ -M7_UNASSLGNED 

J EMIIL 

_NQQP_ 



















Cl 









:-4 

— ---HINI-UYK-20 

(APE) _ _ 

— 

— 



DATE 101573 

0 

_113. 



_ . _M6 

UNASSlGNEO 





UM. 

000062 01 0265 



J EMllL 

. 




_ 115. 

_ 00CO63 Q0 GO QQ .00 



NOOP 

. 



0 

116. 



• M5 

UN ASS IGNEO 





-117. , 

00006M 01 0265 



j -EHia 

. 




lie. 

000065 00 00 00 00 



NOOP 

• 



o 

_ 119. _ 

__ . _ 


. MM, 

_UNASS IGNED 





120. 

00 00 6 6 0 1 0265 



J EMIIL 

. 



0 

_ 121. 

000067 CO CO OC 00 


_ 

-NOOP . 

. 



122. 



. M3 

SCALE FACTOR 





_123. 

000070 01 1126 _ 


_ 

J- - LE7 

. 




12M. 

000071 15 07 CC 00 



MC 7>Q 9 0 

. 

A ♦ i TO SGR 


0 

_125._ _ 

.... . 


H2- 

—COUNT ONES 





126. 

000072 Cl 210" 



J L JO 

• 




_127. 

OC0073 13 03 017_ 



tC 2 CK,15 

. 


_ 

0 

128. 



• Ml 

REVERSE REGISTER 





_429. 

^ 00007M 01-2261_ 



_J _L 1 M 

. 

- .. _ . . ... 

. .. 


130. 

C0CC75 13 03 017 



TC2 CK,lS 

. 



0 

131. 



» MO 

-SQUARE ROOT 





132. 

000076 01 0265 



J emul’ 

. 




133. 

0000 7 7 Of) GO Dg oo 



J4Q0P 




D 

13M. 


• 







135. 




_5.ET ADR 0 1 OC . - 





136. 


. 






0 

137. 


. 







138. 

139. 


• 

• 

FC-02 

RR UNARY-ARITHMET I C 




0 

1 MO • 



• M l 7 

UNASSIGNED 





1M 1 . 

oonino ci 0265 

EMAO 


J EMIIL 





1 M 2 • 

00010! 00 CO Gc oc 



NOOP 

• 



0 

1 M 3 . 



. M 1 6 

UN ASSIGNED.- _ _ 




! 

1MM. 

00 0 1 0 2 ct 0265 



J EMIIL 

. 




1 *4 5 . 

000 1 0 3 CO 00 Oc GO 



NOOP 




o 

1 M 6 • 



. M 1 5 

unassigned 





1 M 7 • 

000 *"M 01 0265 



..J EMI IL - 

t - 




l M 8 • 

COO 105 00 00 Oc 00 



NQOP 

. 



0 

) 49. 



f M 1 M 

_unassigned 





150* 

000106 cl 0265 



J EMIIL 

. 




1 5 1 • 

000107 CO 00 CO 00 



.NOOP 

_ . 



9 

152. 



. M 1 3 

DECREMENT RA BY 2 





_15 3« 

coo no ci 0^75 



^ EMA 1 6 

f 

JUMP _ . 



1 5 M . 

0001 1 1 12 16 CO2 



TCI A6 *2 

. 

♦ 2 TO A 6 


0 

\ 55 • 



. M l 2 

INCREMENT RA BT 2 _ 





156. 

000112 01 0500 



J EM A I 8 

• 

JUMP 



157 . 

GOO M3 J 2 16 OC 2 



TCI_A* i2 _ 

. 

♦ 2 TO A 6 _ 


9 

158. 



• Mil 

DECREMENT RA BY I 





_159.__ 

0001 1M 1 7 00 0(3 1 M 



E 0 »0 . 0 1 H 


___• START 



160* 

CCOI 15 O'* O'* 1C 17 



AS 1 RGRD,aO>017 

. 

AO - 1 TO RGR 

(SS) 

O 

16 1. 




-INCREMENT RA BY. 1 




I 

i 

162. 

C0CU6 17 00 CO 1M 



E 0 » 0 10 1 M 


• start 



163._ 

_COO Li7 OM^GM LC- 1M___ 



-AS1_RGRDiAOiQIM 

— * 

AO ♦ 1 IQ RGR 

ISS) 

© 

1 6 M . 



• M7 

unassigned 




! 

i 

_ - 1A5.« 

_0GC12C 01—0265 



_jJ. __EMIIL 

- • 



1 

166. 

000121 CO CO oc CC 



N00P 

. 



0 

167. _ 



. M 6 

ONES .COMPLEMENT.SINGLE 





168. 

000122 17 00 00 1M 



E 0 »QtO 1 M 


• start 



1 k 9 • _ 

_ 000123 06 0M lC 12_ 



-U _RGRD » AQ » Q 1 3 

• . 

1*5 CQMP QF AC 

TO RGR (S 5 } 

o 










PAGE 3 













MINI-UYK-20 CAPE) 


DATE 101573 


PAGE 


D _ 

,70. 

7 




H5 

TWOS 

complement .double 





17 1 . 

00012 M 

01 1111 




J 

LEI 

• 

JUMP 



... 172. 

000,25 

15 .07 00 00 - 

LG9 



HC 

7 • 0 • 0 

• 

A 4 1 TO SGR 


0 

173. 




• 

MH 

TWOS 

COMPLEMENT .SINGLE 





_ 179. 

000126 

17 00 CO , t 

_LG3 



E 

0 10 • C 1 9 

• 

START 



175. 

000,27 

os OH |Q 1H 




SU 

RGKD,A0»01M 

• 

0 “ AO TO RGR 

CSS) 

0 _ 

176. 





M3 

UNASS IGNED 





177. 

00013C 

01 0265 




J 

EM, II 

• 



_ 

_ ,78. _ 

—000 131 

00 .00 00-00 _ 




_.N00P 


9 



0 

179. 




• 

H2 

ROUND 

R A 




_ 

180. 

OOC132 

01 1925 _ 




J 

L 10 

9 




181 • 

000133 

15 07 00 00 




HC 

7 a 0 i 0 

• 

R A 4 1 TO SGR 


J __ 

_182. 

-... 

. 



Ml 

MAKE 

negative 





183. 

00013H 

01 0125 




J 

lgh 

t 

GO compliment 


a “ 

IBM. 

000135 

It GO 3,5 

_ _ 


_ 

.BN 

LG5 

• 

DONE IF RA IS 

NEG 

185. 




• 

HO 

hake 

positive 




| _ 

_186 t 

_000,36 

01 0315 _._ 


- 

_ 

—J 

LGS 

• 

DONE IF RA IS 

PQS 


187* 

000,37 

It 00 126 




BN 

LG 3 

t 




0001 HO 
0C01H1 

,7.00 00 It 
15 16 00 0, 

EMA2 

A Ml 6 

000,t2 
000,t3 

17 00 00 19 
15 16 QO 02 

LJ3 

COO l H 9 

01 XI17 

t M 1 5 

COO 115 

00 09 OH oi 

« M l 9 

00C1H6 

QGC19? 

01 ,122 
oo ct ia 02 


000150 

17 00 -Co 19 

• Ml 3 

000,51 

15 ,6 00 03 

• M12 

000152 

000153 

01 1115 

00—00 to -00- 


000 15H- 

01_0110 

• Hit 

000155 

,5 ,6 00 06 

• H 10 

000156 
-OOO 1 57 _ 

01 0192 
_ 15_16_00_05_ 


000160 

1 7_.O0 CO _ l 9 

• H7 

QQG161 

00 07 lc 00 

• M6 

000162 

000163 

000169 

000165 

17 00 CO 19 
00 06 1C 00 

01 0262 _ 

00 05 10 00 

• H5 

• MH 

000166 

-000167- 

0FT26 7 ~ 
_00_02 10-00 



• FC*03 RR - UNARY-CONTROL 


disable rtc lower overflow 
E CiCtOIH • 

HC 016,0,1 . 

ENABLE RTC LOWER OVERFLOW 
E G a Q » G I 9 . 

MC 016,0,2 . 

STORE RTC UPPER AND LOWER 

J_LCi . 

T RGRO.RTCU.l • 

LOAD RTC UPPER AND LQwER 
J LC2 • 

_T _ RTCU • AO » 2 • 

DISABLE INTERRUPT CLOCK 

-E _ 0 a Q a Q 1 9 • 

HC 016,0,3 • 

LOAD ANu ENABLE INTERRUPT 
J LCM • 

I_DOaAOiQ t 

DISABLE RTC 

-J_EMA2 

HC 016,0,6 
ENABLE KTC 

J LJ3 • 

-DC.*, 016,0,5 * 

LOAD RTC (LOWER) 

E OiOiQH * 

T RTCL.AOiQ • 

LOAD STATUS REGISTER 2 
£ QaOiQH • 

I ST AT2, AQ , 0 • 

LO *D STATUS REGISTER 1 
-J LJ9 

T STaTI.aOiO • 

LOAD P 
J L A 1 3 

-I_PREG.AQiO • 


INTERRUPT 

START 

DISABLE RTC INTERRUPT 

interrupt 

START 

ENABLE RTC INTERRUPT 


RTC UPPER TO RA 


RA TO RTC UPPER 
START 

DISABLE INTERRUPT CLOCK 
CLOCK 

RA TO D£5 BUSS 


DISABLE RTC COUNT 


ENABLE RTC COUNT 
START 

RA TO Rtc LOWER 
START 

ra to status reg 2 


RA TO STATUS REG 1 


RA TO P-REGISTER 










MINI-UYK-20 (APE) 


DATE 101572 


page 


22 7 
22 8 

229 

230 

231 

232 

233 
23*4 

235 

236 

237 

238 

23 9 
2*40 
2 *t 1 
2*42 
2*43 
2 * 4*4 
2*45 
2*46 

- 2*4 7 
2*4 8 
2 H 9 

250 
25 ! 
252 

_253 

25*4 

255 

256 
25 7 
258 

259 

260 
261 
262 
263 
26*4 

265 

266 

267 

268 

269 

270 
27 1 

272 

273 
2 7 *4 

275 

276 

277 

278 

279 

280 

2 5 1 
282 
283 


M 3 STORE RTC (LOAErI 


000170 

17 

00 

00 

1*4 


E 0 • 0,0 1 *4 

000171 

00 

0*4 

07 

01 

• M2 

-T RGRD,RTCL , 1 

STORE STATUS REGISTER 2 

CO0 l 72 

17 

00 

Oo 

1*4 

....... . ... .... _ 

E 0 10,0 1*4 

GuO173 

00 

0*4 

06 

0 1 


T RGRD,STAT2,1 



_ 

_ 

_ 

___• M 1 

STORE STATUS REGISTER 1 

0001 7*4 

17 

00 

00 

1*4 


E 0»0,01*4 

_ 000175 

00 

-0*4 

05 

01 

• MO 

_I_RGRD,STAT1 , 1 

EXECUTIVE RETURN 

_OOC 176 

01 

2266 



- J LF 9 

000177 

00 

10 

05 

0 1 

_ • _ 

T AO » S T A T 1 » 1 


0002 C 0 15 00 OC 00 

000201 - 00 oa 15 02 

000202 00 16 16 00 

000203 000000 - 


000 20*4 

-0CC205 

000206 12 02 OC 2 

_ 00020 2 _ 000000 - 


15 16 00 C 7 
01-^0324- 


000210 15 15 00 0*4 

—00021 1 01 1437 

000212 12 10 3Q0 

0002 13 - 000000 - 


00021*4 00 10 03 01 

000215-12—H—O 17- 

000216 01 2153 

-000217-0 7—1 1 10 06 


_SETADR 0200 

—interrupt table 


RETURN 

MC GiQ.O 

-T-UP » A 5,2 

T A 6 »A 6»0 


SETADR 020*4 


t BOOTSTRAP LOAD SAITCH FUNCTION 


MC 

J 


TCI 
O_ 


016 , 0,7 
-£T 1 A 1 A 
PRtG ,2 


-SETADR 0210 


• CHAIN INST READ 


MC 
J — 
TCI 

_0 — 


015 ,Q ,*4 
LA 10 
AC ,.0300 


SETADR 02 1 *4 


- *—IRON 4 BAR) 

runbar T 

-TCI 

J 

-L 2 


A 0 ,Cm , 1 
A 1 ,017 
LFl 

A l , A 0 t 6 


-SET ADR 022 C 


C 0022 C 00 10 1*4 11 
000221 GO 10 10 0*4 


CLASS I OR II 

T AO, IN T CO D 1 01 1 

__I_ _ A. 0 * A 0 • *4 


START 

RTC LO^ER TO RA 
START 

STATUS REG 2 TO RA 
START 

STATUS REG 1 TO RA 


GET STAT 1 


clear Return 

INTERRUPT code to micro-p 
A 6 TO A 6 


CLEAR Class 1 /II I N T 5 
setup bootstrap load address 


clR inT and chain req 

TO CONTINUATION of seq 

mask FOr SET/CLR FLAG INST < 7 3 R X ) 


CONSOLE MODE TO AO CSS) 

17 TO A\ 

GO TO CONTINUATION OF CONSOLE MODE 


IN T CODE AD TO AO CSS) 
ROTATE 
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MINJ-UYk-20 (APE) 



DATE l 0 I S 7 3 PAGE 6 

• MASK FOR INT CODE 

• jp if class i 

• CODE BITS TO A2 

• ADD Class i BIT ID 

• TO common interrupt SEQ 

t CLASS II MAIN MEMORY LOCATION 


• CLR INT AND CHAIN REQ 

• MASK 

• INT CODE AD TO A 2 A/RQTaTE 

« SAVE I/O INT CODE PORTION ONLY 
. CLR INT 

• TO COMMON INT SEQ 

• CLASS III MAIN MEMORY LOCATION 
. MASK 

• MEMORY BITS TO AO 

• STAT2 TO A 6 

• CLR memory BITS 

• INSERT MEMORY BITS 

• CHECK For class i POAER Fault code 

• JP IF NOT PAR INT 

• LOAD S T A T 2 

• TO COMMON INTERRUPT SEQ 


• MASK 

• CHECK FOR CLASS I LOCKOUT 

. GO STOP AND ENTER CONSOLE SEQ 

• 

• TO COMMON INT SEQ 


RA TO A 2 (S S) 

INITIALIZE I/O INTS 
TO NEa MICRO-P 
CP ILLEGAL INST INT CODE 

AAIT FOR POSSIBLE MEMORY REF,CLR Ni ReSID 
COMPLETE POSSIBLE SPLIT CYCLE 
GO STOP AND ENTER CONSOLE SEQ 
set program fault 

TO COMMON INT SEQ 

CLASS II MAIN MEMORY LOCATION 


• MOR TO IR 

• BRANCH 1 

• RGR TO AO (SS) 









MINI-U Y k-2Q (APE) 


OA T E 101573 


PAGE 


341 . 

342. 

343. 

3 4 4 . 
345. 

346 • 

347 . 

348 • 
349. 
350 • 
351. 
352 . 

-353. 

354. 

—<355 . 
356. 
357 . 
356. 

359. 

360. 

361. 
362* 

-363. 

364. 

-3.6 5._ 

366. 

367. 

368. 

—<36 9 • 

370. 

37 1. 
372. 
373* 
374 • 
-37 5. 
376. 

-37 7 • 
378 . 

379. 

380. 

_3a t . 
382. 
-383* 
384. 
385* - 
386. 

-387. 

388 . 
-^389 «— 
390. 

39 1* 
392. 

39 3* 

394. 

395. 

396. 
397* 



000300 
00030 t 
000302 
C Ct 0 3 0 3 
CC0309 


00 03 16 01 
00 00 OQ 00 
00 00 03 00 
17 GO 10 14 
00 CO 00 00 


C0C305 CO 12 10 10 
000306 01 2217 

000307 00 16 03 CO 


_SETADR 0300 • 

_ -* i/0 INPUT PASS 6T 1 

• 

- T MDR, IDR * 1 

UlO NOOP 

--1 00 »MDR |C 

E 0 *0 IQ ,0 1 4 

-NOOP 

• 

—~#_.FC*27 Rl »RX - DIVIDE 

EMK2- T A2 , AO » 0 l 0 

J EMK1A 

-T -A6 , MDR ,C 

>_SETADR 0310 • 


• I/O INPUT PASS 1 


000310 00 03 16 01 T MDR.IDR.I 

00031 1 02 15 00 .07___AS2 A5 , UP , 7 

000312 00 00 03 OQ T DO.MdR.C 

_ 000313 _1 7„00_1(3-18_ E_ 0t01Q»0l4 

0C0314 00 00 CO QO NOOP 

000315 CO 00 00 00 -LG5-NQQP 

000316 17 00 00 14 E 0»0t014 

-000317 00 08-1C—LG-T-RGRD , AO .0 1 0 

• 

-SETADR 0320 • 


000320 00 00 OC 00 
000321 00 GO GO C0 
000322 00 16 03 02 
000323 17 CO 10 14 
000324 CO 00 OG 00 
CGC325 17 OG 00 14 
000326 00 00 00 QO 
000327 - OGGGOO- 


• I/O OUTPUT PASS GT 1 


NOOP 

_NOOP 

T QDR , MD R i 2 

- £ 0.010,014 

EMAlA NOOP 

EMAi_E 0 » 0 » 0 1 4 

NOOP 

-0- 

• 

-SETADR C330 • 


000330 00 QO GC 00 

000331 02 15 00 G7 

000332 CO 16 03 02 

000333 17 00 1C 14 

C0Q334 CO 00 00 CO 

000335 01 02 1 4 

000336 15 16 04 00 

- 000337 000000- 


• I/O OUTPUT PASS 1 


NOOP 

-AS2 A 5 , U P * 7 

T ODR » MDR , 2 

--£ OtGlQ.014 

NOOP 

Baltic u runbar 

MC C16,4 »0 

-- 0 


• input data to mdr 


• start,keep 


SGR 


. RA TO A 2 (SS) 


input Data to mdr 

MICR0-P-1 TO A 5 

start,keep sgr 


START 

TRANSFER RA TO RA SET CONDITION CODE 


MDR TO OUTPUT DATA 
START KEEP SGR 

START 


. 

• M1CR0-P • 1 TO AS 

• MDR Tu OUTPUT DATA 

• START KEEP SGR 

. 

» TO console SEL 

• CLR RuN 











C ' 

MlNl-UrK-20 (APE) 


0 

0 




398 

399 
900 
9Q1 

-902 
9Q3 
9Q9 
9Q5 
_9Q6 
907 
-908 
909 
<110 
^ i I 
9 12 
913 
-919 
915 
9 16 
917 
_918 
919 
-920 

921 

922 

923 
_929 

925 

-926 


* 


GC0390 00 12 16 00 

_000391 15 -07 19 -GO 

000392 01 2760 

000393 C9 16 03 03 - 

000399 CC 12 16 00 
000395 15 07 19 00 

COO 396 01 2760 

000397 00 16 03 00 


000350 00 12 16 00 
000351 15 07 19 CO 

000352 01 2760 

- 000353 09 |6 03 03— 

_ COO359 00 12 16 CO — 

000355 15 07 19 00 

COO 356 01 2760 _ 

000357 00 16 03 00 


000360 03 12 16 19 

000361 —09—16—03 03- 

000362 17 00 00 07 

000363 CO 10 10 11- 

_000369_07 12-JO- 12_ 

000365 OC 16 03 00 

-000366 17 CO OC 07— 

000367 00 10 10 11 


0C0370 00 12 16 QO 

-0003 7 1-09 -16. 04 03 

000372 17 CO CO 07 

0003 7 3 —00—10—10 -0-1— 

000379 -0G 00-00-00 
000375 00 16 03 GO 

000376-I7- CC 0W7- 

000377 00 10 10 Cl 


000900 00 09 03 10 
000901 00 16 16 00 
000932 17 00 QQ 03 
000903 00 00 00-00 


SETADR 0390 • 


-• INTERIM SEQUENCES 

• 

_•-INDIRECT BYTE MODIFY 

T A 2 * A 6 » 0 

_HC_Z *019,0 

J L A 1 6 

-ASl A6,M0R,3 

• INDIRECT BYTE NO MOD 

-T A2 » A6 10 

MC 7*019,0 

- j LA 16 

T A6 *MqR »0 

-r—fNDIRECT *ORD MODIFY 

T A 2 i A 6,0 

-MC 7*019,0 

J L A 1 6 

-A S1 A6,M0R,3 

• INDIRECT AORD NO MOD 

-T-_A2 , A6 »0 

MC 7*019,0 

-J_LA 16 

T A6 §MDR ,0 

_•_NORMAL BYTE MODIFY 

S A2 , A6,0 i 9 

- *Sl — A6|MDR*3 

E 0*0,7 

- 4 : -AO , R6RS ,0 1 l 

• ndRm a l byte no mod 

_L2_A2 , SO * 0 i 2 

T A6,MDR,C 

LArl -E 0*0,7 

T A . oRS *011 

-«—NORMAL AORD MODIFY 

T A 2 , A 6,0 

_—_A51-A6 , MDR , 3 

E 0*0,7 

-T-AO.RGRS, 1 

• NORMAL AORD NO MOD 
_NOOP 

T A6,M0R,C 

La2-E- 0*0,7 

T A0,RGRS,1 


• Fc»G2 R I , RX - LOAD DOUBLE 

EMA3 T RGRD,MDR,01G 

_T A6,A*,q 

E 0*0,3 

_-NQOP 

e 

._«__F_C»OQ RX - BYTE LOAD 

• FC*G 1 RI,RX - LOAD 


DATE 101573 


A 6 TO A2 
M*l TO SGR 
JUMP 

A 2 ♦ MDR TO A6 

A 6 TO A 2 
M ♦ 1 TO SGR 
JUMP 

MDR TO A 6 

A 6 TO A 2 
M+l TO SGR 
JUMP 

A 2 ♦ MDR TO A6 

A 6 TO A 2 
M*i TO SGR 
JUMP 

MDR TO A 6 

A 6 RSI TO A 2 (SS) 
*2 ♦ MDR TO a 6 

• BRANCH 2 
RGR TO AG (SS) 

ZERO TO A2 (SS) 
MDR TO A 6 

• BRANCH 2 
RGR To AO (SS) 

A 6 TO A 2 

A2 ♦ MDR TO A6 

• BRANCH 2 
RGR TO AO 


• MDR TO A 6 

• BRANCH 2 

# RGR TO AO 


. M D R TO RGR (SS) 

• A 6 TO A 6 

, OP-REF, A TO SGR 
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n 


'j 

o 

D 




0 

0 

3 

3 

0 

0 

0 

Q 

0 

o 

o 

3 

3 


_ MINI-UYk-20 (APE) 


DATE 10)573 


- 955. 

956 . 

— 957. 
958. 

- 9 5 9. 

960* 

96 1. 

9 6 2. 

— 963. 

969. T 
_ 965. 

966. 

_967. 

968. 
_-96 9. 

970. 
-9 7 U 

972. 
-973. 

979. 

-975.- 

976. 

-977. 

978 . 

-979*- 

980. 
-98 1* 

982. 
-983. 

989. 
-985. 

986. 

_987._ 

988. 
__98 9 * 

990. 

_ 881. _ 

992. 

_ 878. 

999 . 

- 89 5 . 

996. 

-99 7 . 

998. 

— -9 9 9.- 

500. 

- sou 

502. 

— -—508. - 

509. 

— 5 0 5 . 
506. 

-507. 

508. 
_509. 

510. 
_5ll‘ 


- 000909 00 09-03 10 

000905 17 OC 00 19 


XMA 9_T RGRD.MDR.010 

E 0.0*019 


mdR to rgr (SS> 

• START 


• FC*03 RX - LOAD MULTIPLE 

f --*_FC«13 RX - STORE MULTIPLE 


OOOH 06 

0C0*tC7 

C 9 
17 

16 

00 

16 09 

00 03 

XA3 

-ASi 

E 

A6 , A6,9 
0*0,3 

GCOHIQ 

OC 

10 

10 01 


T 

— AO * RGRS »1 
L A 3 

COOHl 1 

19 

12 

0 0 6 

EM A 5 

BAM 

CQQM12 

00 

09 

03 -OC 

_ 

__I_ 

- RGRD ,MD« » 

000 H 1 3 

17 

00 

OC 19 


E 

0*0,019 


A6 ♦ l TO A6 
, OP-REF, A TO SGR 
RGR TO AO 
branch a ne m 
MDR TO RGR 
. START 


. FC*06 RI.RX - LOAD DOUBLE AND INDEX BY 2 


000919 00 13 13 03 


EMA6 T SGR.IRS.3 


GCO915 02 09 10 09 -AS2 RGRD,RgRS,9 

CO C 916 15 07 00 CC MC 7,0,0 

CQG917 GO 09 03 10-T RGRD.MDR.010 

GG092C OC 16 16 00 T A6,A 6|0 

-€0092 1— 17-00-80 03-E— 0*0,3 


• M TO SqR 

• RGR + A TO RGR 

• AM TO SGR 

. MDR TO RGR (SS) 

• A 6 TO A 6 
• OP^REf 


CO0922 oo 13 13 03 
—00 0 9 2 3 02 09 10 09 
CO 0 9 2 9 15 07 09 00 

-C00 925-OC 09- 08 10- 

000926 17 00 CQ 19 


COO927 15 07 CC CO 

-000980 00 11-80 GJ- 

000 9 3 l C7 10 11 06 

_000988_ 07—1J—08—0 5 

CC0933 05 10 11.10 

— CCC9 89—1-7—OC—GO—4 9~ 
OC0935 15 05 15 QO 


000936 00 02 C3 OC 

-COO 787 -—09-46—4-8-04- 

000990 17 00 OC 03 

00099 t CO 0& C3 00 

000992 09 16 16 09 

-COO948— l 7 00-0c- 03- 

000999 15 16 CC 10 

-000995 -GO 06 03 OC- 

000996 17 OC CC 19 


000997 CC 16 16 00 
-COO950 t7_0O _C3 -00 


F C * 0 9 RX - BYTE LOAD AND IND^X By 1 
• FC*0 5 RI.RX - LOAD. A ND INDEX Y 1 


EMA7 T SGR,IRS,3 

-AS2 RGRD , RgRS i 9 

MC 7,9,0 

- 1 _rgrd,mdR,oic 

E 0*0*019 


• M TO SGR 
. RGR ♦ l TO RGR 
. A TO SGR 
. MOR TO RGR 4SS) 
. ST a rT 


• FC * 3 9 RI.RX - COMPARE 


EMA8 MC 7*0,0 

_1_Ai *RGRS . I 

L 2 A 0 , A 1 i 6 

_L 2 - A 1 , M D R , 6 

SU A0.AU010 

_E__ 0*0,019 

MC 5,015,C 


masked 

• A 4 1T 0 SGR 

* RGR TO A1 

• AQ.AI TO AC 

. A i *MDR TO A 1 
. AO - A» TO AO (SS) 
. ST A RT 
. U CONT CC 


• FC*07 RI.RX - LOAD PS* 


E M A 9 T PREG.MDRfO 

-ASl A6,A6,9 

E 0*0,3 

_T STAT1 ,MDR ,0 

A S 1 A 6 , A 6 * 9 

- E - 0*0*3 

MC 016,0,010 

_T_STAT2 ,MDR ,0 

E 0*0*019 


. Y TO P«EG 
. Y♦1 ADDRESS TO BUSS 
. OP-REF,A TO SGR 
. Y♦l TO STATUS i 
. Y*2 ADDRESS TO BUSS 
» OP-REFiA TO SGR 
. ENABLE PftR INTERRUPTS 
. Y♦2 TO STATUS 2 
• START 


• FC*12 RI , RX - STORE DOUBLE 

EMA10 T A6 , a6,0 

_E 0*3,3 


• A 6 TO A 6 
. QP-REF, A TO SGR 
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DATE 101573 

512. 

C0Q951 

00 10 

10 

0 1 


T ao.rgrs.i 

. 

RGR To AC 



513. 





. 






-Sl9. 

7 

_ 

_ 

-_ 

-. Fc*10 

RX - BYTE STORE 





5 I S • 





• fc«h 

RI »NX - STORE 





—-5 I 6 . 

- - - 




• FC*17 

RI.RX - STORE ZEROS 





5|7. 





. 






- 5 I 8 • 

000152 

00 00 

00 

00 

-EHA|1 

NOOP 

. 




519. 

CC0953 

17 00 

03 

19 


E 0.3.019 


• START 5*3 


_520. 

- _. ... 

..., ; .. 



... 

__ 





521 • 





• FC*16 

Rt.RX - STORE OOUBLE a*D 


Index by 2 



522. 











523* 

000959 

00 13 

13 

03 

EMA 1 2 

T SGR,IRS.3 


• M TO SgR 



_52 9. 

000955 

02 _01 

10 

-0 9_ 


-AS2 RGRD.RgRS.9 

. 

RGR ♦ 1 TO 

RGR 


525. 

000956 

00 16 

16 

00 


T A6,A6,0 

. 

A 6 TO A 6 



__,528 • 

.000157 

_A7_00 

03 

G3_ 


E 0 ,3 i3 


. OP-REF, A 

TO 

SGR 

527. 

000960 

CO 10 

10 

01 


T AO.RGRSi1 

. 

RGR to AO 



52 8 • 











529. 





. • FC-t 4 * 

rx - byte store and index 

BY I 



_530. 

.... .... 




• FC*15 

_RI.RX STORE AND InDe* 

BY i 



531 . 





• 






532. 

_000961 

GO 13 

11 

03 

£MAll - 

T SGR,IRS,3 


• M TO S G R 



533. 

000162 

02 C9 

IQ 

09 


AS2 RGRO.RgRS.9 

» 

RGR ♦ 1 TO 

RGR 


-539. 

000963 

17 00 

03 

19 

— 

-E 0.3,011 


. START S * 3 


535. 





. 






5 3S. 

. .. -- 

- 


— 

-. FC«2I 

RR - SUBTRACT DOUBLE 





537. 





. 






53 8. 

G0G969 

15 07 

19 

00 

EMA 1 9 

MC 7.019.0 


M♦ 1 TO SGR 



539. 

000 965 

00 11 

10 

01 


T Aj.RGRS.l 


RGR To Ai 



-590. 

000966 

IS 07 

00 

CO 

-S0 2- 

-MC 7.0.0 


A♦l TO SGn 



59 1 • 

000967 

05 09 

1 1 

10 


SU RGRD.A1.010 


AO - AI TO 

RGR 

( SS ) 

- 592* 

000970 

IS 07 

OM 

00 


-MC 7.9,0 


A TO SGR 



593. 

000971 

00 10 

10 

01 


T AO.RGRS.l 


RGR TO AO 



Cull . 

offline 

13 fl n 


_Lil_ 







3*1“ * 

“000 9/2 

\f GO 

"TV" 



t 11 « w i U .0 • 9 





595. 
_596. 

000973 

05 01 

16 

1 1 


SU RGRO , A6.01 I 

. 

AO - A* TO 

RGR 

(SS) 












597. 





• FC *20 

RI.RX - SUBTRACT 





-&S8. 

-- — - 

- 



-«- 

- . 


.. 



599. 

000979 

00 16 

03 

00 

EM A 1 5 

T A^.MDR.O 

. 

M D R TO A6 



__550. 











551 . 





• FC-20 

RR.RK - SUBTRACT 





_ 552 . 











553. 

000975 

17 00 

00 

19 

EM A 1 6 

E 0,0,019 


• START 



_559. 

_COO 9 7 6 

05 01 

16 

1C 

. _ 

_SU RGRD.A6.010 

. 

AC - A* TO 

RGR 

ISS) 

555. 





. 






_ 556 . 

. _ ... . __ 

_ 



m —FC^22 

RI.RX - ADD 





557. 





. 






558. 

GOG 4 * 7 7 

CO 16 

03 

00 

_EMAl7 

T A6.MDR.Q 

. 

MOR TO A 6 



559. 





. 






_ 560. 

. ... . . _ 


_ 


. FC«22 

RR.RK - ADD 





561 • 





• 






_ 562. 

000 500 

17 CO 

00 

19 

_EMA18 

E 0,0.019 


. START 



563. 

0QG5C1 

0 4 * 09 

16 

13 


AS 1 RGRD , A 6,0 l 3 

« 

AO ♦ A* TO 

RGR 

(SS) 

569. 


— - 


— 

■ — —-. 






565. 





• FC*21 

R I »R X - SUBTRACT DGUulF 





566. 


_ _ 

_ 

- _ 

. .. 






567. 

QQQ5Q 2 

05 09 

03 

10 

EHA19 

SU RGRD.MDR.010 

. 

AO - MDr RGR (SS) 

£48 - 

n r n £ n n 

nn t a 

1 A 

nn 


T A6 « AA . n 

• 

AA TO A a 
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569. 

570. 
57 1 . 

572. 

573. 
579. 

575. 

576. 
577 . 
573. 

579. 

580. 

— 58 1 • 
582. 

— 583. 

5 8 9. 
585. 
586 . 

_587. 

588. 

589. 

590. 

— 59 i. 
592 . 

— 593. 

599. 

595. 

596. 

— 597. 
598. 

— 599. 

600. 
60 ! * 
602. 

60 3. 
609. 

— 605 . 
606 • 

—607. 

6 Q 8 • 

— 6Q9 . 
6 | 0 * 

612. 
_6 13 . — 

619. 
.6 I S • _ 

616 . 

61 7 . 
618 . 

6 19. 

620. 
621* 
622. 
623. 
629. 

6 25. 


C0Q5Q9 17 .00 00 03 
000505 00 10 1C 01 
CC0S06 05 09 03 l1 
000507 17 00 00 19 


E C. 0.3 

T AO.RGRS.l 

_SU rgrd.mdR.oh 

E 0 • 0 • 0 1 9 


• FC*23 RR - ADD DOUBLE 

0C0510 15 07 19 00 EMA2G MC 7*019,0 

00051 1 02 19 10 13 ---LA9 -A S 2 A9.RGR5*013 

000512 15 07 09 00 LD3 MC 7,9,0 

000513 00 10 1C 01 -7 -AO ,RGRS» 1 

000519 09 09 16 11 A51 RGRD.A6.Q11 

— 00051 5 17 00 GO 19-LA5-E 0*0,019 

000516 CO 09 19 CO T RGR0.A9.0 


• FC*23 RIiRX - ADD DOUBLE 


0C0517 09 09 03 13 EMA21 AS1 RGRD.MDR.013 

_000520 _.0C-I6-16-.CC-7 -A6.A6.0 

COO52 1 1 7 00 OG 03 E 0*0,3 

COO522 00 10 10 0 1-7-AO »RGRS , 1 

000523 09 QH 03 11 ASl RGRD.MDR.Oll 

_000529 _17 00 DO-19__E-0*0.019 

. 

_£C*2S RR - COMPARE DOUBLE 


000525 15 C7— 19 00 

000526 CO 19 10 01 

--000527—05 IG 19-10— 

000530 15 07 09 CO 

000531 00 10 10 01- 

000532 05 10 16 11 

000 53 3 17 00 -GO 19— 

000539 15 05 07 00 


000535 00 16 03 CO 


£WA 22 -MC-7,019,0 

T A9.RGRS.1 

-SO —AO.A 9 .OiO 

MC 7,9,0 

-T-AQ.RGRS , 1 

SU AO,A 6 1 C 1 1 

-£-0*0,019 

MC 5,7,0 

• FC»29 RI.RX - COMPARE 

EMA23 T A6.MDR.Q 


000536 05 10 16 10 

— 000537-17 00-CO—19- 

000590 15 Q5 15 GO 


• FC*29 RR.RK - COMPARE 

EMA 2 9 SU A0,A6,C1G 

4.0-9 _ e— o,a»ci9 

MC 5,015,C 

• FC*25 RI ,R X - COMPARE DOUBLE 


000591 05 10 03 1C 

- 00059 2 CO 16—16-00- 

000593 17 00 OQ 03 

_ 000599 00 10 10 01- 

000595 05 10 03 11 

000596 17 OC Cu 19- 

000597 *5 05 07 CO 


EMA25 SU AO.MDR.CIO 

---T A6 , A6,0 

E 0,0,3 

-T AC.RGRS.l 

SU AO.MDR.Cll 

-£ 0,0*019 

MC 5,7,0 


• FC»30 RI.RX - AND 


. OP-REF t A TO SGR 
. RGR TO AO 

. AO - MDR TO RGR C S5 ) 
. ST a rT 


• M«M TO SGR 

• AO ♦ R Gr TO A 9 (SS) 

• A TO SGR 

. RG« TO AO 

• AO ♦ A6 TO RGR (SS) 

♦ START, AM TO SGR 
. A 9 TO RGR 


. AO ♦ MDr TO RGR (SS) 
. A6 -TO A6 

• OP-REF, A TO SGR 

• rgR to ao 

• AO ♦ MDr TO RGR (SS) 

. -ST a RI 


• MM TO SGR 
. RGR TO A 9 

. A 0 - A 9 TO Ao (SS) 

• A TO SGR 

. RGR TO AU 

• AO - A6 TO AG (SS) 
-♦ ST A RT 

. U CONT CC 


• MDR TO A 6 


. AO - A6 TO AO (SS) 
• ST a RT 
. U CONT CC 


. AC - MDr TO AC (SS) 
. A 6 TO A 6 

• OP-REF, A TO SGR 

• RGR To AC 

. AO - MDR TO AO (SS) 
. ST A RT 

• u CONT CC 
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MINI-Uyk-20 CAPE) 


1 

0 

D 

0 

3 

3 

3 

0 

3 

3 

3 

□ 

3 

3 

O 

O 


s CO 

J 


. 626 
627 
-628 
629 
_630 
631 
-632 
633 
63*4 
635 
-6 3 6 

637 

638 
639 

-6H0 
6HI 
-6H2 
6 R 3 
- 6h*4 
6HS 
-6H6 
6H7 
_6<i8 
6R9 
-6S0 
651 
-652 
653 
-65*4 

655 

656 

657 
-658 

659 

-660 


66 1 
-662 
663 
- 66*1 
665 
-66 6 
667 
-668 

669 

670 

671 
_672 

673 

67*4 

675 

676 

677 

678 

679 

680 
661 
6 8 2 


000550 00 16 03 00 


EMA26 T A6 i HQR,0 

-♦ FC*30 RR»RK - AND 


000551 17 -00 00 1*4 

000552 07 O'* 16 16 


EHA27 


000553 00 16 03 00 


00055*4 

000555 


17 00 00 1*4 
08 0*4 16 \H 


000556 00 16 03 OC 


000557 

000560 


17 00 00 1*1 
06 0*4 16 10 


000561 15 07 00 00 

0005-62^—CC 1 1-lCCA 
000563 06 10 11 02 

00056*4 07 1 1 16 06 

000565 17 CO 00 1*4 

-000566 06 0*♦—! 1—M- 


0G3567-15 07 00 CO 

000570 00 11 1C 01 

-00057 1 —0 6- 10—11—02- 
000572 07 II 03 06 

000573—1 7 CO 001*4 

00057*4 06 0*4 1 1 1*4 


000575 
000576 
000577 
000600 
00060 1 
000602 
Q006Q3 


15 C7 00 00 
00 11 10 01 
07 IQ 11 06 
07 II 16 06 
05 1C 11 10 
17 00 CC 1*4 
15 05 15 00 


E 

L2 


0 10 • 0 1 *4 
RGRD , A6 , Q 16 


• FC*31 RI.RX - OR 

♦ -- . — . — 

T A6, M D R , 0 


EMA28 


• FC*31 RR»RK - OR 


EMA29 


E 

LI 


0 »0 >0 1 *4 
RGRD • A 6 • 0 1 *4 


-•—FO*3 2 R I t RX - EXCLUSIVE OR 


EH A 30 -T A6,HDR»0 

t 

-r-F-C«32 RR • RK - EXCLUSIVE OR 


E HA 3 1 


E 

LI 


0 »0 • Q 1 *4 
RGRD 9 A6 » 0 I 0 


• Fc-33 RR * RK - MASKED SUBSTITUTE 


EMA32 


MC 


LI 
L 2 
E 

-L4- 


7 • 0 10 
-A 1 »RGRS. I 
AO >A1 .2 
A 1 , A 6 >6 
0 • 0 • 0 1 *4 
-RGRD.Al 10 1 *4 


-^€^33 r 1»rx - masked substitute 


-E44A33 


-MC 

T 

LI 


L2 

E 

Ll 


7 9 C »Q 
Al »RGRS• 1 
—AO * A 1 ,2 
Al 9 MDR t 6 
0»0t01*4 
RGRD,Al »QIH 


• FC* 3 *4 RR 9 RK - COMPARE MASKED 


EM A3*4 


MC 

_T 

L2 
—L2 
SU 
t - 
MC 


7 90 iO 
Al iRGRS#1 
AO, Al ,6 
Al , A 6,6 
AO•A 1 ,G 10 
0 9 0 > 0 1 *4 
5 90 15,0 


# FC*35 RK - EXECUTE REMOTE 


00060*4 00 12 03 02 

-000605_0*4 _16 16 -Q*i- 


EMCl 


T 

-AS l - 


I RD ,MDR ,2 
-A6 , A6 , H 


MDR TO A 6 


9 START 

A0«A6 TO RGR CSS) 


MDR TO A 6 


• START 

AO OR A6 TO RGR CSS) 


MDR TO A 6 


• START 

AO OR A 6 TO RGR CSS) 


A*l TO SGR 
RGR To Al 
AO-COmP Ai TO AO 
A 6•A 1 To A 1 

« StA«T A TO SqR 

AO OR Ai TO RGR CSS) 


AM TO SGR 
RGR To Al 
AO * CQ MP Ai TO AO 
A 1•MDR TO A 1 

• START A TO SGR 
AO OR Al TO SGR (SS) 


AM TO SGR 

RGR To Al 

A0*A1 to AO 
Al•A6 TO A 1 
AO - Ai TO AO (SS) 
. ST A RT 
U CONT CC 


get REMOTE instruction 
INC A 6 
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MINI-Uyk-20 (APE) 
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PAGE 


0 


-"N 

u 


0 

0 

0 

3 

O 

o 

0 

0 

o 

o 

0 


68 3 
68 9 
60S 
686 

687 

688 
_ 689 

690 
- 6 9 1 

692 

693 

6 9 9 
-695 

696 
—697 

698 

699 

700 
-7 Q 1 

702 

— 703 
70 9 

-70S 

706 
—70 7 
708 

— 709 

7 JO 
—7 1 I 

7 1 2 

7JV 
—7J5 
716 
—7 J 7 
718 

-7 l 9 

720 

-77 1 

722 

-723 

729 

726 

728 

729 

730 

731 

732 
7 33 
739 
7 3 S 
736 
7 37 
738 

-739 


0C0606 

000607 


000610 

000611 

0C0612 


17 16 00 IS 

00 10 10 11 


Q16i0>015 
AO 9 RORS 1 QI1 


• BRANCH 1 6 IT H INST FROM PREVIOUS AODReSS 
. RA TO AO < SS1 


IS 10 051 
17 00 CO 19 
00 09 06 10 


000613 

000619 

000615 


15 10 053 
17 00 CO 19 
00 09 06 10 


000616 15 10 099 

CCC617— 17 00 OG 19 
OCC620 00 09 06 10 

000621 15 10 095 

-000 6 2 2 15—10—0-97- 

000623 00 09 06 10 

— 000629—00—1-1-06^ G0~ 
000625 12 12 02C 

- 000626-—00 13 03-09- 

000627 07 12 13 16 

- 000630 19 -10 233- 

000631 17 CC 00 19 

-000632—00—GO—OG—CO¬ 
CO 0 6 3 3 15 OS 13 00 


CCG639 

-0CG635- 

000636 

—000637 

000690 


IS 07 00 CO 
00-11—10 Gl- 
15 10 050 

0 J 2907- 

15 10 051 


000691 

000692 

000693 

-0006^99 


15 C7 CO 00 
00 1 1-10 01 
15 10 052 
01 2907- 


000695 15 10 053 


* FC*IG RR*RK - LOGICAL RIGHT SINGLE SHIFT 

-« - - 

EMA35 


MCS 

-E 

T 


051 

0 »G »Q 19 
RGRD ,SM tO 10 


. shift right sp logical u-biti 
. st a rt 
. RESULT 


t FC* l I RR • RK - ALGEBRAIC RIGHT SINGLE SHIFT 


EHA36 


MCS 

E- 

T 


053 

0*0*019 

RGRD,SM»OiO 


• shift right sp arith ( 6 -biti 

* st a rt 

. result 


• FC * 15 R R * RK - CIRCULAR LEFT SINGLE SHIFT 


EM A 3 7 


MCS 

- £- 

T 


099 

0*0*019 

RGRD,SM»010 


• shift left sp cir ( 6 -biti 

• st a rt 

. RE5ULT 


• FC* 1 9 RR*RK - ALGEBRAIC LEFT SINGLE ShIfT 


EMA38 


~^A4— 


MCS 

-MCS 

T 

-T- 

TCI 

-T- 

L2 

0NZ 


095 

097 

rgrd»sm*oio 

A1 * S M * 0 

A 2 » 0 2 0 

A3,SHIFTS*9 

A2,A3»016 

TA2X 

0*0*019 


T A 2 X 


E 

-NOOP- 

MC 5*013,0 


shift left sp arith ( 6 -bit) 
access bits shifted off 
return ls 

MASK 

ShIFT CT */RGYATE 
AN U 

EXECUTE REMOTE OVF BIT SET 

start 

SET STATUS BITS 


• FC*12 R R * R K - LOGICAL RIGHT DOUBLE SHIFT 


EMA39 


MC 

T — 
MCS 
- 

MCS 


7*0.0 

Al»RGRS*l 

o so 

-T A 3 
051 


• A♦1 TO S G R 

• LS PORTION 

• SHIFT RIGHT DP LS LOGICAL ( 6 -BlT) 
. TO RESTORE 

• shift Right op ms logical ( 6 -biti 


• FC *13 RR.RK - ALGEBRAIC RIGhT DOUBLE SHIFT 


EM A 9 C 


MC 7*0*0 

T- A 1 .RGRS.i 

MCS 052 

U-T A 3 

MCS 053 


• A♦ 1 TO SGR 

• LS PORT ION 

• SHIFT RIGHT OP LS ARITH ( 6 -BIT) 
, TO RESTORE 

• SHIFT RIGHT DP MS ARITH ( 6 -BlT) 


CCC696 

000697 


01 2919 
15 G7 00 GO 


* FC*16 R R , R K - ALGEBRAIC LEFT DOUBLE SHIFT 

-* - — 

EMA9 1 


J 

—MC 


EMA9lA 
7*0*0 


fC* 1 7 RR*RK 


• A♦1 TO SGR 
CIRCULAR LEFT DOUBLE SHIFT 












) 


c 


M.INI-UYK-20 c APE1 


7 9 0 
7 9 1 
7 9 2 
793 
799 
795 
7 9 6 

797 

798 
7 M 9 

750 

751 

752 


753. 

C 0 0 6 5 6 

00 

1 1 

16 1C 

- 759 . 

000657 

15 

07 

00 QC 

J 755. 

000 660 

00 

1 1 

1 C G! 

-7 56. 

000661 

05 

00 

11 19 

757 . 

000662 

13 

03 

006 

-3 758. 

000663 

16 

10 

ooo 

759. 

000669 

15 

10 

oco 

- 760. 

000665 

01 

2339 

' 761 • 

000666 

CO 

09 

07 10 


O 

J 

o 

0 

3 

O 

0 

o 

o 

o 


n 

! 

•' CJ1 


762 

763 
7 6 9 

765 

766 

767 

768 

769 

770 

771 
-77 2 

773 
779 
775 
-776 
777 
7 78 

779 

780 

781 

782 

783 
7 8 9 

785 

786 

787 

788 

789 

790 

791 

792 

793 
7 9 *4 
7 95 

-7 9 6 


000650 
000651 
000652 
000653 
OOQ65H 


15 07 00. GC 
00 11 1C 0 1 
15 10 090 
01 2807 
15 10 091 


000655 00 16 03 00 


EMA92 


• FC*26 

EMA93 

- ♦ - - - - 

• F C * 2 6 

-♦ - - 

EMA99 


t A 9 


• F C *0 5 


C00667 
0 0 0 6 7 C 
000671 
000672 
000673 


12 11 CC1 
00 16 13 01 
15 10 002 
17 CO CC -M 
06 09 06 19 


E ME 1 


• FC»06 


C0C679 

CC0675 

000676 

GCG677 

GCG7C0 


12 11 CC1 
CO 16 1301 
15 10 002 
17 GO CC 19 
06 09 06 12 


E ME 2 


QC 0 7 0 1 
CC07C2 
000703 
000709 
0007Q5 
000706 
000707 


000710 
000711 


12 11 001 
CG 16 13 Cl 
15 IQ 002 
QG CO Cc 00 
07 !C 06 16 
17 CO OC 19 
15 05 11 CC 


17 00 00 19 
00 C 9 16 10 


• FC *0 7 

-*-— 

EME3 


t F C *0 1 

- ♦ - - 

E ME 7 


DATE l °l573 


PAGE 


F C B 35 


000712 12 13-300 


EMU 2 


MC 

7 ,G ,0 

• 

A ♦ 1 TO SGR 

T 

A 1 iRGRS i l 

. 

LS PORT I ON 

MC 5 

090 

. 

shift left dp ls 

J 

T*3 

. 

TO RESTORE 

MC S 

091 

. 

shift left dp ms 

R I * R X 

- MULTIPLY 



T 

A6 , M D R ,0 

• 


RR »RK 

- MULTIPLY 



T 

Al • A6 ,C 10 

. 

LOAD MULTIPLIER 

MC 

7.0.0 

, 

A ♦ 1 TO SGR 

T 

A 1 » R G R S • 1 

. 

LOAD MULTIPLICAND 

SU 

DO.Al ,019 

. 

COMP MULTIPLICAND 

TC2 

CK .6 

• 


-RN 

0 

. 

REPEAT n exT insT 

MC5 

0 

• 

SELECT LEAST 

J 

L A 9 A 

* 


T 

RGRD .PPROD ,0 1C 

. 

return ls 

RR - 

set bit 



TCI 

Al , 1 

. 


T 

A 6 » I R S , 1 

• 

shift Ct 

MCS 

2 

. 

Shift LEFT DP LS 

E 

0.0,019 

, 

st a rt 

El 

RGRD » SM » Q 1 9 

. 

or in t h e bit 

RR - 

CLEAR bit 



TCI 

A 1 , 1 



T 

A6 , IRS,1 

. 

SHIFT CT 

: c _ 

2 

• 

SHIFT LEFT DP LS 

E 

0,0,019 

. 

ST a RT 

LI 

RGRD ,SM ,0 1 2 

. 

C L R ThE BIT 

RR - 

TEST BIT 



TCI 

A 1 , 1 

. 


—T 

A6*JRS,1 

. 

SHIFT CT 

MCS 

2 

. 

SHIFT LEFT DP LS 

-NOOP 


» 

&ait 

L 2 

AO,SM ,0 16 

• 

AND 

E 

0,0,019 

• 

START 

MC 

5,011,0 

. 

U C0NT SP 

RR »RK 

: - LOAD 



E 

0,0,019 

« 

start 

T 

RGRD, A6»010 

. 

R M TO Ra 

R I i R X 

, - biased fetch 



TCI 

A310 3C 0 

» 

MASK 


l M E 5 


»9 
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_T A3•A3 M 

T AOiMDR.ClO 

_ LI MDR .MDR iH 

J EMJ1C 

-MC 5 » C 1 1 , 0 

05 RR - 10 COMMAND 


TCI 

MC 

TCI 

T 

T 

L 2 
T 

TC 2 
NOOP 

tc; 

TCI 


E 


T 


MAR t o i h c 
OlH.ClO.G 
A3,030c 
A3 * A 3 » H 
iRDtMDR »2 
MDR ,MDR.0 
XL T R i I R 5 t 3 
X L T R M 4 7 

A l > 

DC . 

0 *c 

AH, 


C 2 _ 

1 0 c M R » r A 


_SET ADR 07 HO t 


• ROTATE 

. (SS) UF MDR FOR SETTING CONDITION CODE 

• SET UPPER 2-BITS AND ARITE 

• 

. SET CONDITION CODE 


read split CYCLE 

MASK 

ROTATE 

SETUP IR A/AQRD FROM l HQ 
CLR UPPeK 2-BITS AND a K l T E 


MASK FOR 70RR 

ADDRESS ON LINE FOR POSSIBLE 2ND aORD 
BRANCH 2 


RR - 

CORDIC 



. . .. 


J 

EMIIL 

• 

-NQOP 

..... _ .. 

• 

J 

EMIIL 

• 

NOOP 



J 

EMIIL 

• 

-N OOP 

J 

EMIIL 

• 

• 

-NOOP 

J 

EMIIL 

• 

--NOOP 


• 

J 

EMIIL 

• 

-NOQP 

J 

EMIIL 

• 

• 

-NOOP 

J 

EMIIL 

* 

• 

_NOQP 

J 

TP8 

• 

• M«7 

HC 

0 »u .0 1C 

t 

J 

TP IC 

• M a 6 

_mc 

0 »U .0 1C 

• 

J 

TP 7 

* M a s 

AC 

0.U.Q1G 

• 

J 

TP 9 

• M*H 

-MC 

0*0.C1C 

• 

J 

TP2 

« M* 3 

MC 

0*0>01C 

% 

J 

TP5 

. M * 2 

MC 

0 *0.0 1 C 

• 

J 

TP3 

• M* 1 

MC 

0 f 0 » 0 1 0 

• 


HYPERBOLIC ROTATE A/POSTSCALE 
HYPERBOLIC VECTOR A/P0ST5CALE 
HYPERBOLIC rotate A/0 POSTSCaLE 
HYPERBOLIC vector A/0 POSTSCALE 

trig rotate ../ prescale 

TRIG VECTOR n/PRESCALE 
TRIG ROTATE A/0 PRESCALE 
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PAGE 


') __ 










0 

D 

0 

o 

o 

o 

o 

9 


r'-* 


8 5 M • 


000776 

855. 


^ 000777 

856 • 


- 

857. 



_858 . 



859. 



_860. 


_ . __ _ 

861 * 



_862# 


-GOIOOO 

663 . 


001001 

86 H. 


001002 

865. 



— 0 6 6* 


..._ _ 

867. 



- 068. 


001003 

869. 


OOICQM 

— 870. 


- 001005 

871 • 


00 1006 

87 2. 


- 001007 

873 . 


001010 

-874* 


001011 

875. 


001012 

_ 876. 


001013 

877 • 


coion 

__8 7 8* 


001015 

079. 


001016 

_880 . 

T 

001017 

88 1 • 


0C102Q 

_8 8 2 • 


_CO 1021 

883. 



_ 88H • 


_ 

885. 



8 8 6. 

— . 

-CO 1022 

887. 


001023 

- 888. 


G01G2H 

889. 


001025 

_-890. 


001026 

89 1 • 


001027 

-892 ♦ 

- . - - 

001030 

893. 


001031 

_89 H • 

T 

001032 

895. 


0C1033 

896. 


. - - - . -- 

897. 



898. 

... 

..... .... ._ 

899. 


C0103H . 

900. 


001035 

901 • 



902. 

- - — 

-- - 

903. 



9QM . 


_ 001036 

905 • 


001037 

906. 



907 • 



90 3. 


... 

909. 



_9 10* 




Cl 3103 
15 CO 00 10 


J 

MC 
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T 

MC 

T 
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T 

MC 

T 
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E 
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E 
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A1 »A1 ,017 
Oi3,QH 
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U CONT PAGE SEL 
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• 
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• 
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J LAS 

—- T-AO, IRS, l 
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4099 

1050 

1051 
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001 16C 


001161 
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00 00 00 00 
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01 0975 
00 16 03 GO 


E ME 8 
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AS 1 
-E 
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01 0500 - 

00 16 03 00 


-EWE 9 
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001165 
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00 1170 
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001172 
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T 

AS2 

-J 

T 
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MC 
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001210 
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EM J 1 


T 
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T 
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T 
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• 
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t 
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• 
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• 

byte compare 
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• 
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• 
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• 
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• 
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• 
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SET/CLEAR FLaG 
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• 
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• CHECK For ir a*i 
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• 
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♦ JP IF a-field ne zero 

EM j l 8 

• 

MDR» MDR » 0 
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16 
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OP-REF.A TO SGft 

001220 

00 

11 

10 

GO 


T 

Al *Ao ,0 

. 

RAM TO Al 

CO 122 1 

CO 

10 

10 

Cl 


T 

AC »RgRS » 1 
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1 M7. 

CC I 270 

CO 

CO 

CC co- 


-NOOP 


• 



DA T E 101573 


FC*H5 RR»RK 


001271 
001272 
CC1273 
CC l27<* 


M 10 267- 

00 02 16 00 

17 GO GG M- 

00 00 CO CO 


-EM A 5 0 


-LA 1 H 


BN Z 

T 

E 

NOOP 


JUMP REGISTER NE 0 
L A 1 3 

PREG*A 6 iO 
C »GtO 1 H 


BRANCH NE 0 
A 6 TO P 
• START 


• F 0**15 R X - JUMP REGISTER N£ 0 


001275 
001276 
0 C 1 2 7 7 
001300 


M 1 0 267 
00 02 03 00 
1 7 00 00 1 *1 
GO CC Co 00 


EMA51 


BNZ 

F- 

E 

NOOP 


LAI 3 

PREGtMDR> 0 
OtOiOH 


BRANCH NE 0 
MDR TO P 
• START 


F 0 *M 6 RRtRK - JUMP REGISTER POSITIVE 


CO 1 301 
CC13Q2 
00 T3q3 
0 0 1 3 0 H 


M CO 2 7 3— 
CO 02 16 00 
17-00 CG 1 ^ 
00 00 CC 00 


LAM 

PREG , A 6 tO 
0 »0 » 0 1 6 


BRANCH NEG 
A 6 TO P 

♦ start jump 


NOOP 


t F C * R 6 R X 


JUMP REGISTER POSITIVE 


00 1 305 
CC 13 0 6 
CC 1 3C 7 
CO l 310 


M CC 273 
00 02 03 CC 
17 CC 00 16 

ce-oo co- Gc 


EMA53 


BN LAIR 
- T — P R E G i M D R > C 
E 0 > 0 • 0 1 6 
-NOQP 


BRANCH NEG 
MQK TO P 
• START JUMP 


-«—F0* H-2 —-RR f RK - JUMP REGISTER NEGATIVE 


GDI 311 
001312 
001313 
00 1 3 M 
0Cl3 1 5 
001316 


M GO 267 
00 02 16 00 
-1-7-00-00--M 
CO CO CG GO 
01 0265 
CC GO Co CC 


-EM^ASM- 




BN LAI 3 
T PREG*A6»0 

E-OtOtOM 

NOOP 

J -EMI It 

NOOP 

SETADR C13RC 


* BRANCH NEG 
. A 6 TO P 

* START 


FC 3 R0 RI 


LOCAL JUMP 


CC 13HC 
CC 1 3 M 1 
CCl3R 2 
CC l 3A3 


CH 12 02 C7 
02 02 1 2 C 3 
17 CC CC 16 
CC GO QO CO 


XMA55 


AS1 A2»PREG»7 
A S 2 PREG,IRAM»3 
E C 1 Q 1 GI 6 
NOOP 


P • 1 To A2 
A 2 ♦ AM TO P 
. START JUMP 
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c 

o 

o 

o 

o 




3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

O 

o 
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date 101573 


PAGE 


1196 
1 197 
1198 
1 199 
-1200 
1201 
1202 
1203 
4 2 Q H 

1205 

1206 

1207 

1208 

1209 

1210 
1211 
12 | 2 
1213 
12 1 H 
1215 

-1216 

1217 

1218 

1219 

1220 
1221 
122 2 
1223 

-42 2 H 
1225 
-4 2 26 
1227 
- 4-2 2 8 

1229 

1230 

1231 

1232 

1233 
123 H 

1235 

1236 
1237 


- 4-252 


0013 HH 
0C13MS 
C 013 H 6 
00 1 3 M 7 


1 H 01 257 
00 02 16 00 
17 CO 00 16 
OH OH IQ 07 


_t _ F C * H 1 RRiRK - INDEX JUMP 

EHAS 6 


BZ 

T 

E 

AS 1 


L A 1 2 

PREG , A 6 ,G 
0 * 0*016 
RGRD , AO * 7 


• FC*H 1 RX - INDEX JUMP 


001350 

001351 

001352 

001353 


1 H 01 257 
OC 02 03 00 
17 00 00 16 
OH OH 10 07 


EMA 57 


BZ 

T 

E 

AS l 


E A 1 2 

PREG , MDR *0 
0 * 0*016 
RGRD , AO *7 


BRANCH ZERO 
A 6 TO P 
• START JUMP 
AO - l TO RGR 


BRANCH ZERO 
MDR TO P 
. START JUMP 
AO - 1 TO RGR 


00135 H 

001355 

001356 

001357 


CO OH 02 CO 
00 02 16 00 
17 CO OC 16 
00 00 OC CO 


_♦ -FC*H 2 RR »RK 

EMA 58 -T — 

T . 

_E 


JUMP AND LINK REGISTER 


RGKD.PREG . C 
PREG *A 6 *0 
0 * 0*016 


P TO RGR 
A 6 TO P 
• START jump 


NOOP • 

- *-—. 

• FC■H 2 RX - JUMP AND LINK REGISTER 


001360 00 OH 02 00 
001361 00 02 03 00 
001362 17 00 OC 16 
004363 00 GO 00 OC 


EMA 59 


T RGRD,PREG .0 

T preg.mdr.o 

E 0 * 0*016 

NOOP 


• P TO RGR 
. MDR TO P 

• START JUMP 


-FC»H 3 RK - JUMP AND LINK MEMORY 


CO 1 36 H CO 03 02 GO 
001365 CH 02 16 OH 

00136 6 4 * GO 03—46 


-€HA 6 C 


T 

AS 1 
E— 


MDR ,PREG ,0 

PREG.A 6 .H 

0 * 3*016 


. P TO MDR 
. A 6 ♦ 1 TO P 

• START jump 


00 1367 CH 43 02 - 07 ^ 
001370 01 1377 

00137 1 _ &2 _ 47—42 - 03 - 


-C«H 3 RI 

* 

-EWA 6 4 


LOCAL JUMP AND LjNK MEMORY 

• P - 1 To A 3 


AS 1 A 3 ,PREG »7 

J L A 1 5 

AS 2 A 7 *IRAM *3 


« F C«H 4 -R X - LOCAL JUMP INDIRECT 


__ 1238 . 

001372 

CH 

13 

02 

C 7 

1239 . 

001373 

02 

17 

12 

03 

_ 12 H 0 . 

OC 137 H 

-04 

1266 

_ 

1 2 H 1 • 

001375 

15 

1 H 

CO 

00 

- 42 H 2 • 


— 

--- - 

— 

— 

1 2 H 3 • 






_ l 2 H H . 

- - - 


- 


— 

1 2 H 5 • 

001376 

CO 

17 

03 

cc 

- 12 H 6 . 

001377 

00 

03 

02 

CO 

1 2 H 7 . 

oonco 

15 

1 H 

02 

CO 

- 1 2 H 8 . 

001 *10 1 

CO 

CO 

00 

00 

1 2 H 9 • 

001102 

CH 

C 2 

17 

OH 

— 1250 . 

oono 3 

17 

CO 

03 

16 

1251 • 

oono** 

00 

CO 

00 

00 


_£HC2- 


A 5 4 _ A 3 ,PREG *7 
AS 2 MAR,IRAN ,3 

_J_LD 5 

MC 01 H * 0 * C 


AM ♦ A 3 TO A 7 


P - 1 To A 3 
A 3 ♦ AM TO MAR 

READ MEMORY 


• FC* H 3 RX 


JUMP AND LINK MEMORY 


EMA 62 
LA 15 


T A 7 iMDR.C 

T MDR,PREG ,0 

MC 0 1 H * 2 * 0 

NOOP 

AS 1 PREG.A 7 .H 

E 0 * 3,016 

NOOP 


MDR TO A 7 
P TO MDR 
ARITE 

A 7 ♦ 1 TO ♦ 

START JUMP 


22 


ro 

co 
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O 



KINI-Uyk«20 (APE) 


0 

o 

0 

3 

0 

3 

3 


1276 
_127 7 
1278 
-4.2 7 9 
1280 
-4 28 1 
1282 
-4283 

1289 
—12 85 

1286 
—128 7 
1288 
-4289 

1290 
-4294 

1292 
-1293 
1 2 9 H 
-4 2 95 
1296 
-4297 
1298 
-12 9 9 
1300 
-1301 
1302 
-1303 
1309 

1305 

1306 
4307 

1308 

1309 


-FC*52 RR - FLOATING POINT MULTIPLY 


CC19C5 
OC 1906 
001907 


come 

0 C 1 9 1 1 
CO 1 912 
C 0 l 9 1 3 
CO 1 919 


CO 19 15 
001916 
001917 


15 .07 19 CO 
Cl QCGC 
00 17 40 01 


EMG 1 


MC 

J 

T 


7 »0 1 9 » 0 
FPML 

A7 ,RGR5 » 1 


RM♦1 TO SGR 

JP TO COMHON ROUTINE 

R M♦1 TO A 7/R M IS IN A6 


* F C*52 RIiRX - FLOATING POINT MULTIPLY 


CO 17 03 00 
00 16 16 00 
1 7 OC 00 03 
01 OCQO 
GO 16 03 00 


EMG 2 


FC s 53 RR 


A7 # MOR ,0 
A6 , A6 * 0 
0 tO .3 
FPML 

A6,MDR ,0 
floating point divide: 


2ND LS-OP TO A7 
MS OP ADDRESS ON BUSS 
0P-REF»A TO SGR 
JP TO COMMON ROUTINE 
2ND MS-OP TO A 6 


15 07 19 00 
01 OOOC 
00 17 10 01 


EM 63 


MC 

J 

T 


7 » 0 1 9 i 0 
FP0V 

A7 tR6RS»1 


R M♦1 TO SGR 

JP TO COMMON ROUTINE 

RM+1 TO A 7/R M IS IN A6 


-4_T-C«53 RURX - FLOATING POINT DIVIDE 


CO 19 20 
001921 
CO 19 2 2 
OC 1923 
CO 192 9 
C 0 1 9 2 5 
GC1926 
C 0 l 9 2 7 
GO 19 30 


00 IZ-C3—CO¬ 
CO 16 16 CO 
1 7—CO - CG—0 3 
01 GGQO 
00 1603 CC 
CG 11 1G 11 

19 CG 297- 

17 CO CO 19 
-00-09- 40—4 G 


-EHG9 


LIO 


A7 ,MOR »0 
A6 * A6 » 0 
0 >0 • 3 
FPDV 

A6 i MQR*0 
A 1 .RGRSiGl1 
L I 2 X 
0 »0 »0 1 9 
RGKD , AG»G 1 G 


—F-0-*5 I—RR—* FLOATING POINT aO d 


T 

T 

-JE— 

J 

_T— 

T 

B N- 


CG1931 
CO 19 3 2 
001933 
CC1939 
001935 
001936 
001937 
001990 


42 11 C3G 
15 C7 l wu 
00 —1 9—1 0—01- 
12 12 177 
C& 12 42-09 
15 07 09 00 
-01 -3906 
06 11 16 CO 


EMB I 
EMB l A 


TCI- AiiO 
MC 7 t 019 » C 
T A9,RGRStl 
TCI A 2 * C l 7 7 

T- A 2 » A 2 * 9 

MC 7 » 9 * 0 

4 L B 2 

LI Al » A 6i0 


2ND LS-OP TO A 7 

MS QP ADDRESS ON BUSS 

QP-R£FiA TO SGR 

JP TO COMMON ROUTINE 

2ND MS-QP TO A6 

DETERMINE RAM SIGN (SS) 

EXECUTE REMOTE IF is neg 

START 

RA IS NOT CHANGED 


• CLR Ai 

• R M * 1 TO SGR 


• M A S K 

. ROTATE 

• A TO SGR 


CHANGE SIGN IF FP SUBTRACT 


f FC*50 RR 


FLOATING POINT SUBTRACT 


CC19 9 1 12 11 2CC 

CC1992 01 1932 

001993 CO 11 11 09 


EMB 3 


TCI 
J - 
T 


A 1 i 0 2 C C 
-EMeiA 
Al .Al ,9 


MASK FOR SIGN BIT 


rotate 


• FC*51 RI»RX - FLOATING POINT ADD 


001999 01 3900 

CGI 995 12 1 1 OCO 


EMB2 


J 

TCI 


L B 1 
Al >0 


001995 1241-200 


♦ CLR Al 

-p C * 5 0 R I » R X - FLOATING POINT SUBTRACT 

-EM59 _TCI A 1 iG 2 C 0 • MASK FCr SIGN BIT 















c 

- MINJ- u YK-20 (APE) 



13 10. 

CC l *4*47 

Cl 

3*4QC 


J ~ 

1 3 1 ! • 

1 3 1 2 * 

1313* 

tl 1 M » 

00 1*450 

CO 

1 1 

1 1 

0*4 


1 

1 J J T ♦ 

13)5. 

00 1 *45 1 

15 

07 

1*4 

cc 

1316. 

CO 1 *452 

00 

1*4 

10 

1 l 


1317. 

0 0 1 *4 5 3 

15 

07 

cc 

00 

^- 

1316. 

00 1 *45*4 

OC 

16 

16 

10 

J 

1319. 

00 1 *455 

Cl 

2117 


— - 

1 320. 

001*456 

00 

1 1 

10 

0! 


1321 • 






J -- 

1 322. 

1323. 




— 

— 

"\ 

132*4. 

00 1 *457 

CO 

16 

13 

0 1 

J 

1325. 

00 1 *460 

15 

10 

01 1 


— 

1326. 

001 *46 1 

17 

00 

00 

1*4 


1 327 . 

00 1 *462 

00 

0*4 

06 

10 

J_ 

1 328. 

1 329 . 






3 

1 330. 




— 


1331 • 

00 1 *463 

OC 

16 

13 

01 

— 

1 332 . 

001 *46*4 

15 

10 

C 1 3 


3 

1 333 . 

00 1 *465 

17 

00 

cc 

1*4 

1 3 3 *4 • 

1335. 

00 1 *466 

CC 

0*4 

C 6 

10 



1336. 





— 

J 

1 337. 






— 

1338. 

00 1 *467 

00 

1 6 

13 

C l 

3 __ 

1 339 . 

00 1 *470 

15 

07 

00 

CO 

1 3 *4 0 • 

00 1 *47 1 

OC 

1 1 

1C 

01 


13*41. 

00 1 *472 

15 

1C 

0 1 0 



1 3 *4 2 • 

00 1 *473 

C 1 

2*407 


3 

13*43. 

00 1 *47*4 

15 

10 

Cl 1 


3 

1 3 *4 *4 ♦ 

1 3*45. 

1 3*46. 

1 3*47 • 

CC 1 *475 

CO 

16 

13 

Cl 



1 3 *4 8 • 

00 1 *476 

15 

C 7 

co 

CC 

0 

1 3*49. 

CO 1 *477 

00 

1 1 

10 

0 i 

__ 

1350. 

001500 

15 

10 

C 1 2 



1351. 

001501 

01 

2*407 


0 _ 

1352. 

CO 15c 2 

15 

1C 

0 1 3 



1 353. 

1 35 *4 , 






0 

1 355. 

1356. 

001503 

12 

12 

017 



1 357 . 

00 150*4 

CO 

13 

12 

0 i 

0 - 

1 358. 

001505 

0 1 

062 1 



1 359. 

001506 

07 

16 

13 

06 

o o 

1 1 

1360* 

1361* 

1 3 o 2 • 

1 363 . 

001507 

CO 

1 6 

13 

0 1 

136*4. 

001510 

15 

10 

0Q<4 


n 

i 

1365* 

001511 

17 

CC 

co 

1 *4 

ro 

cn - 

_ 1366. 

001512 

CO 

0*4 

06 

10 
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3 LB i • 

T A l » A l , *4 . ROTATE 


• FC*56 RR - MULTIPLY , D 0 U B L E 


EM02 

MC 

7.01*4,0 


. R M 4 1 TO SGR 




I 

A*4 ,RGRS ,0 1 1 


• R M 4 1 TO A *4 




MC 

7.0,0 


. RA*1 TO SGR 




T 

A6 ,A6,0 10 


. RM t SS ) 




J 

D P MO 


. 



-- 

T 

Al iRGRS, 1 


• 



-♦ FC *60 

RL ( RR 1 - LOGICAL RIGHT 

SINGLE Shift 



• 

EMC 3 

T 

A6 , IRS , l 


. SHIFT CT 




MCS 

0 1 1 


• shift right 

SP 

LOGICAL ( *4-B I T ) 

___ 

E 

0,0,0 1 *4 


• start 




T 

RgRd,Sm,0 I 0 


. RESULT 



• 

. F C * 6 0 

RL(R I ) - ALGEBRAIC 

right single shift 



- - * 

E M C *4 

T 

A6,IRS, 1 


. SHIFT CT 



' •w.'Vr ?- -- 

MCS 

013 


. SHIFT RIGHT 

SP 

ARITH (H-B IT ) 


E 

0.0,0 l *4 


. st a rt 



— 

T 

RGROtSM.QlL 


. RESULT 



• 

4 F C * 60 

RL(RK) " LOGICAL RIGh T 

DOUBLE shift 



♦ 

XMC5 

I 

A6,IRS , 1 


. SHIFT CT 




MC 

7.0,0 


. A*i To SGR 



..__ __ 

T 

Al,RGRS,1 


. LS 




MCS 

CIO 


. shift Right 

OP 

LS LOGICAL <*4-bIT) 

____ 

3 

T*3 


. TO RESTORE 




MCS 

0 1 1 


. shift right 

DP 

MS LOGICAL (R-BIT) 

- ♦ 

. F C * 6 0 

RL(RX) - ALGEBRAIC 

right double Shift 



E MC 6 

T 

A6, I RS , 1 


. SHIFT CT 



, _ _ 

MC 

7,0,0 


• A 4 1 TO SGR 




T 

A 1 , R G R 5 » l 


. LS 



__ 

MCS 

012 


. shift right 

DP 

LS AfUTH ( 4 B I T > 


3 

T a 3 


. to restore 



— 

MCS 

013 


. shift right 

DP 

MS ARITh (H-BIT) 

s 

FC *61 

RL(RR) - ALGEBRAIC 

LEFT 

SINGLE SHIFT 



9 

EMC 7 

TCI 

A2 ,c 1 7 


* MASK 




T 

A3,1 RAM, 1 


• 




3 

EHA36 


* 




L 2 

SHIFTD,A3,6 


, I R M TO SHIFT 

CT 

... f _ 

. F C s 6 1 

RL(RI) - CIRCULAR 

left 

SINGLE Sh I FT 



. . . . 

EMC8 

T 

A6,IRS,i 


• SHIFT CT 




MCS 

*4 


. SHIFT LEFT 

SP 

CIRCULAR (H-BIT) 


E 

0.0 ,0 M 


• START 





R G«D , Sm , Q i Q 


, RESULT 








MINt-UYK-20 (APE) 


DATE 101b7 3 


PAGE 


1367 
1 36e 
1369 
1 3 7 C 

1371 

1372 

1373 
137M 

1375 

1376 

1377 

1378 

1379 

1380 

1381 
1362 
1383 
1 3 8 H 

1385 

1386 

1387 

1388 

1389 

1390 
-139 1 

1392 

1393 
1 3 9 M 

1395 

1396 

1397 

1398 

1399 
1 MOO 
1 MO 1 
1 M 0 2 

-1M0 3 
1M0M 
1 MO 5 
l MQ6 
1M07 
1 M 0 8 
1M09 
I M I 0 
1M1 1 
1 M 1 2 
1 M 1 3 
i M I M 
l M 1 5 
1 M 1 6 
1 M | 7 
1 M 1 8 
1 M | 9 
1M20 
1 M2 I 
1M 22 
IM23 


CO 1 5 I 3 

C01S1M 
C 0 1 5 1 5 
001516 


CC1517 
001520 
001521 
001522 
001523 
00 152M 


001525 

001526 

QC1527 

001530 


001531 
001532 
001533 
CO 153M 
001535 


12 12 017 
00 13 12 01 
Cl 0 6 M 6 
07 16 13 06 


• FC*61 RLIRK) - ALGEBRAIC LEFT DOUBLE SHIFT 

- • ... . 

EMC9 TCI A2,017 • MaSk 

T A3 , IRAM. l • 

J emami 

_L2 SHIFTD.A3.6 


-* -F C * 81 RL(RX) 


• IR M TO SHIFT CT 
CIRCULAR left double SHIFT 


00 16 1301 
15 07 00 00 
00 11-1C 01 
15 10 000 
01 2 MO 7 
15 10 GC1 


EMCIC 


T 

MC 
I — 
MCS 
- J 
MCS 


A6 . IRS » 1 
7.0.0 
A 1 »RGRSi1 
0 

T A 3 
1 


• SHIFT CT 

. A♦1 TO SGR 
. LS 

• SHIFT l EFT DP l-s CIRCULAR (M-bIT) 
. TO RESTORE 

• SHIFT left DP MS CIRCULAR (M-falT) 


• FC*62 RL(RR) - SUBTRACT 


12 12 017 
00 13-12 01 
ol 0 M 7 5 
07 16 13 06 


EMC 1 1 


12 11017 
00 13 12 01 
07 1 1 13 06 

01 0 M 6 6 

12 16 000 


EMC12 


001536 
001537 
0015 MC 
CC15M1 


12 12 0 17 
00 13 12 Cl 

01 C50C_ 

07 16 13 06 


_EWCi3 


00 15M2 
C015M3 
0015MM 
0015M5 
CC15M6 
0015M7 


12 11 017 
00 13 12 01 
07111306 
OM 1M 1113 
01 0512 
12 16 000 


EMC 1 M 


TCI 

A2,0 1 7 

• 

MASK 



T — 

A3.IRAM. l 

• 




J 

E M A 1 6 

• 




L 2 

A 6 * A 3 * 6 

♦ 

IR M 

TO 

A 6 

RL(RI) - SUBTRACT DOUbLE 





TCI 

Ai .017 


MASK 



T 

A3 » I RAM.1 





—L 2 

Al » A 3 » 6 


IR M 

TO 

Ai 

J 

LD2 





—T Cl 

A 6 » 0 


CLR 

A 6 


RL(RK) - ADD 





— TCI 

A2.017 

• 

MASK 



T 

A3 « IRAM » 1 

t 




J 

EMA I 8 

• 




L 2 

A 6 . A 3 i 6 

• 

I R M 

TO 

A 6 

RL(RX) - ADD DOUBLE 





TCI 

Ai .017 


MASK 



T - 

—A 3tIRAM»i 





L2 

Ai . A 3.6 


IR M 

TO 

Al 

AS1 

AM*A1 *013 


RM ♦ 

R A 

♦ 1 TO 

J 

LD3 





TCI 

A 8 »c 


CLR 

A 6 



FC«63 RL(RR) - LOAD 


001550 

001551 

001552 

001553 


12 10017 
00 13 12 01 
17 CO CO 1M 
07 CM 13 16 


-EME6 


TCI 

AC.017 

• MASK 

T 

A3 . IRAM . 1 

• 

E 

O.C.OIM 

♦ START 

L2 

RGhD t A3.0 1 6 

• IR M TO KA, SS 


. FC-63 RL(RI) - COMPARE 












MIN1-UYK-20 (APE) 


DATE 101573 


1 828 . 

1 8 2 5 * 

1 8 2 6 . 

1 H 2 7 • 

1 828. 
H29. 
H30» 
1^31. 

18 32. 

18 3 3* 

1 838 . 

1 835 . 

1836 . 

1 83 7 . 

1 838. 
1839. 

1 880* 

1 8 M 1 • 

1882 . 

1 883 * 

1 888 . 

1 885 . 
1886. 

1 887 . 

1 880 . 

1 889. 

1 8 S C . 
1851 • 
1852. 

1 853. 
1858. 

1 855. 

1 856. 
1857 . 
1858. 
1859 . 
I860. 
1861 . 

4 862. 

1 863. 
1868. 

1865. 

1866. 

1 867 . 

1 868 . 
1869. 

1870 . 

1871 • 

1872 . 

1 873 . 

4 8 7 8 . 

1 875 . 

1 876. 

1 877 . 

1 878. 
1879. T 


001558 

12 

12 017 

EME5 

TCI 

A 2 $ C 1 7 

. MASK 

001555 

00 

13 12 01 


T 

A3,IRAM ♦ 1 

. 

001556 

01 

0536 

- - 

J 

EM A28 

. 

001557 

07 

16 1306 


L 2 

A6 , A3.6 

• IR M 


-» - -... - - - 

• FC * 6 3 RL(RK) - MULTIPLY 


001560 12 12 017 EME8 TCI A2.Q17 • MASK 

001561 CO 13 12 00 - m --T A3.IRAM 

00 1562 Cl 0656 J E M A 8 8 

001563 07 16 13 06 - - L2 SHJFTD»A3»6 • IR M TO SHIFT CT 


t 

—COMMON INTERRUPT SEQ, COLE IN A2» MEM aDDR IN A? 
, ENTRY FROM CLASS I OPERATION - UNIQUE 


001568 

12 

17 

43C 


CISA 

TCI 

A 7 .0130 

• 

CLASS I MAIN MEMORY LOCATION 






. 

entry from 

CLASS II OPERATION 

- UNIQUE 

CC1565 

15 

16 

CC 

07 - 

-C 158 

_ MC 

0 1 6 • 0 i 7 

, 

clear Class i/\\ interrupts 






. 

entry PROP 

CLASS Hi 

OPERATION 

or programmed type OPERATION 

00*566 

CC 

03 

C 2 

CO 

- C ISC 

T 

MDR .PREG »G 

6 

p to hdr 

CC 1567 

15 

1 8 

02 

00 


MC 

018,2.0 

• 

write p TO mem 

001570 

00 

10 

07 

01 


__I 

AO ,RTCL , 1 

• 

SAVE 

CO 157 t 

00 

1 1 

08 

0 1 


T 

A 1 ,RTCU » 1 

• 

SAVE 

CC 1572 

00 

oc 

03 

oc 

.. _ 

T 

DO » MoR 

* 

NOOP w /HOLD FOR MEM 

001573 

08 

17 

17 

08 


A S 1 

A 7,A 7 ,8 

9 

INC MEM ADDRESS 

001578 

GO 

G 3 

05 

0 1 


T 

MDR ,STAT1 , I 

9 

STAT1 TO MOR 

001575 

15 

18 

C2 

oc 


MC 

0 1 8 i 2 » C 

9 

WRITE STAT1 TO MEM 

001576 

17 

oc 

03 

GO 

- 

E 

0 j 3 » 0 

« 

ALLOW I/O ft/H 0 L D 

001577 

GO 

CO 

00 

cc 


NOOP 


. 


CC1600 

C 8 

17 

-47 —08 — 

-^ 

A S 1 

A 7 , A 7 i 8 

a 

INC MEMORi ADDRESS 

0 0 1 6 C 1 

CC 

03 

C 6 

Cl 


T 

MDR .STAT2 , i 

* 

5 T A T 2 To MDR 

CC 1602 

15 

18 

C 2 

oc 

— 

— MC 

018,2,0 


WRITE S T A T 2 TO MEM 

CC 1603 

00 

OC 

03 

cc 


T 

DO tMDR ,G 

• 

NQOP r/HuLD FOR MEM 

OGliGH 

08 

17 

17 

08 


A 5 1 

A 7,A 7 ,8 

* 

INC M E M G K 1 ADDRESS 

CC 1605 

CO 

C 3 

1C 

OC 


T 

MDR,AO ,0 

9 

RTCL TO MDR 

00 16Q6 

15 

18 

02 

oc 

— 

- MC 

OIH.2,0 

9 

WRITE RTCL I G MEMORY 

0 0 l 6 0 7 

17 

00 

03 

CO 


E 

G » 3 * 0 

9 

ALLOA I/O w/HOLD 

0C161C 

GO 

OC 

Co 

00 

_ 

NOOP 


• 


001611 

08 

17 

17 

08 


A S 1 

A 7 , A 7 i 8 

9 

INC memory ADDRESS 

001612 

IS 

18 

cc 

OC - 

. .. .. 

_MC 

Q18,Q ,c 

c 

READ P FROM MEMORY 

001613 

08 

02 

03 

C 3 


ASi 

PREG , MDR , 3 

e 

I NT C Q D E * MEMORY P TO p **• HE G 

DC 16 1 8 

08 

17 

17 

08 


-ASi 

A 7 | A 7 , 8 

« 

INC MEMORY ADDRESS 

001615 

15 

18 

cc 

CO 


MC 

018,0,0 

• 

R £ A D S T A T 1 FRO M ME M0 R Y 

001616 

CC 

C5 

03 

CO 

_ 

__I 

S T A T l ,MDR*G 

S! 

SlIUP s t at I 

00 16 17 

17 

00 

03 

00 


E 

0,3,0 

3 

ALLOA I/O k■ H 0 L D 

001620 

00 

CC 

Cc 

GO - 

-,- 

_MO 0 P 


* 


001621 

08 

17 

1 7 

C 8 


ASI 

A 7,A 7 ,8 

* 

I hc memory a coress 

001622 

15 

1 8 

CO 

GO 


_ MC 

C 1 8 , c * C 

* 

R t. Ad S T a T 2 f R 0 M K i. h Q R 1 

CO 1 623 

00 

06 

03 

cc 


1 

S T a T 2 , MDR * U 

• 

SETUP S T A T 2 

CO *628 

08 

17 

17 

08 

- 

- - AS I 

A 7 , A 7 , 8 

* 

I h C M E MQKY ADD R ESS 

001625 

CO 

03 

i 1 

GO 


T 

MDR , A I ,0 

* 

R T C U t 0 h D R 

00 1 626 

0 1 

2215 

_ 

. . 

J 

L A I 1 i 

* 


001627 

15 

18 

02 

GC 


MC 

0 18,2, c; 

* 

AR l TE R T C J TO MEM U KY 






- . - 

9 

F C E 7 8 RK - 

CONDITIONAL 

U U M p 


0CI63C 

18 

13 

233 

i 

- » 

EHF3 

BS 

E M F 3 A 

« 


001631 

CO 

17 

1 8 

Q2 

- 

-T 

I 0 C M R , A 8 t 2 

« 











"9 MINI-Uyk-20 (APE) _ _ . DATE 101S73 

10 

- CD 



. l m ai • 

CO 16 3 2 

00 

17 

03 02 

_T 

IOCMRiMOR »2 

* 



1482* 

CO 1 633 

17 

CO 

03 14 

EMF 3 A E 

0*3,014 

. 

START A/HOLD 


I S 8 3 • 

GO 1 6 3 H 

CO 

CO 

CO 00 

__NQOP 


. 


, 

1484 . 





. 





1*185. 

</ 

- _ 

_ 

_ 

- - • FC*73 RR - 

HALT/ I NTERRUPT 

(CHAINING) 


1*186. 





. 





— 1 *18 7 • 

001635 

€1 

1232 

-EM J 4- J 

EMh 4 A 

. 



I486. 

001636 

15 

15 

00 lc 

MC 

015,0,010 

. 

HALT/1NTERRUPT 


1 H 8 9 • 

001637 

CO 

17 

17 01 

-- LA 10 T 

MAh , IOCMR , J 

. 

POINTER ADDRESS 


1 M 9 0 • 

CC164C 

15 

1 4 

CO 00 

MC 

014,0.0 

• 

READ I/O INST FROM MAIN MEMORY 


1491. 

001641 

04 

16 

17 04 

ASi 

A 6 , A 7,4 

. 

POINTER ADDRESS ♦ 1 TO A6 


1 *1 9 2 * 

00 1 642 

04 

14 

16 04 

ASl 

A 4 , A 6,4 

. 

POINTER ADDRESS ♦ 2 TO A4 


— 1 H 9 3 • 

001643 

00 

12 

03 02 

T 

IRD*MDR,2 

. 

I/O INST TO IR 


1 4 9 4 . 

001644 

00 

1 7 

16 02 

T 

IOCMR , A6,2 

. 

RELOAD UPDATED POINTER 


_ 1495. 

CO 1645 

17 

CO 

00 C7 

- --- ***** E 

0*0,7 

. 

BRANCH 2 


1496. 

001646 

12 

1 1 

020 

TCI 

A 1 ,020 

. 

MASK FOR SET/CLR AND 7QRR 


_1 497 . 

001647 

04 

04 

1C 14 

LJ2X ASl 

RGRD,AO*014 

• 

INC Ra (SS) 


1 498 . 





. 




. ' 

- 1 499 . 

- 


— 


♦ FC*44-47 RI 

- LOCAL JUMP 




1SGG. 





. 





_1501 • 

CO 16 50 

04 

12 

02 07- 

EMA4 7 ASl 

A2,PREG*7 

. 

P - 1 To A2 

7 

15Q2. 

001651 

02 

C 2 

12 03 

AS2 

PRLG,IRAM.3 

. 

A 2 ♦ AM TO P 


_1503. 

..001652 

17 

GO 

04-16 

— - - E _ 

0*4*016 

. 

START JUMP CONDITION 


1504. 

001653 

QO 

CO 

cc 00 

NOOP 


. 


0 

-1505. 

001654 

01 

0266 _ 

EMI I 10 - - -J 

EMI ILA 

» 

. 


1506. 

001655 

12 

12 

002 

TCI 

A 2,2 

. 

I/O ILLEGAL INST INT CODE 


-1 SC 7 • 

7^.: 

— 


- 

- - _ 

V- 




1508. 





. FC 3 70 RX - 

initiate transfer (chaining) 


3 

0 

0 

0 

0 


- 1-509 

1510 
— 15 11 
15 12 

1 5 1 M 
--1515 


1516 

- 1517 

1518 

--15J9 

1520 

-1521 

1522 

_1523 

1524 


-1525 

1526 
_ 1527 

1528 
- 152 9 

1530 


0 

0 

o 


1531 

1532 

1533 
153*1 

1535 

1536 

1537 


001656 

CO 17 

C 3 CC 

EMH 2 

T 

MAR ,MDR *C 

. 

ADDRESS 

001657 

15 1H 

CO CO- 

-- 

-MC 

014,0*0 

• 

READ 

001660 

15 15 

04 CO 


hC 

015,4,0 

. 

IN1T TRANSFER 

GO 1661 

CO-17 

19 0*- 


4 - 

IOCMR,AH,2 

. 


001662 

13 14 

DOC 


TC2 

X(-TRM ,0 

. 

POINTER 

OC J 663 

ct 17 

03 0 2 


T 

IOCMR ,MDR ,2 

. 

B C * l 

001664 

04 17 

17 04 


ASl 

MAR»MAR»4 

. 

INC ADOrESS 

001665 

15 14 

C 3 DO- 

. 

MC 

€14,0,0 

. 

READ 

001666 

13 14 

OG 1 


TC2 

XLTRM , l 

• 


001667 

01 1232 

- 

4 - 

E Mh 4 A 

# 


001670 

00 17 

03 02 


T 

IOCMR ,MOR , 2 

. 

B C ft 2 




• F C *7 5 

RR - 

SEARCH for sync 



001671 

CO ! 4 

1 3 03 

EMD4 

T 

XLTRM,IRS,3 

. 


CC167 2 

0 1 1674 


-4- 

-EMD9A 

. 


001673 

15 16 

Cl oc 


MC 

016,1 ,C 

. 

SFS 

001674 

17 00 

PC- 14 , 

£MD 4 A 

E 

0*0,014 

. 

START 

001675 

00 00 

00 CO 


NOOP 


. 





• F C * 7 6 

RR - 

SET/CLEAR DISCRETE 



001676 

00 14 

13 03 

-•- 

EM03 

T 

XLTRM,IRS,3 

. 


001677 

01 1701 

- - - 

J 

EMQ3A 



0017QC 

15 16 

02 CO 


MC 

016,2,C 

. 

set/clR DISCRETE 

001701 

17 00 

cc 14 - 

-EM03A 

E 

0*0,014 

. 

start 

001702 

CO 00 

CO 00 


NOOP 


. 
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- 

MINI-UYK-20 

(APE) 


— 


— 



DATE 1Q157J PAGE 28 


1538 . 





_-_t -FC« 

76 RX - 

STORE status 



1539 . 





« 





1 5 8 G • * 

QC1703 

15 

15 CO 

01 

- £MD5 

. MC 

015,0* 1 

. ENABLE OUT/READ STATUS 

J 

15 8 1* 

0017G M 

GO 

17 03 

00 


T 

MAK ,MDR *0 

• 

— 

15 8 2 . 

0017Q5 

15 

18 02 

00 

. .. . .... --- 

HC 

01H.2.0 

• A R l T E 


15 8 3 * 

GO 1706 

00 

03 16 

0 1 


T 

MOR * 1 DR i 1 

. 

J . 

1588. 

0C 1 7C7 

oc 

17 18 

02 

!v u^...- 

-T 

JOCMR , A8,2 

. 


1 5 M 5 . 

001710 

17 

00 03 

1 8 


E 

0*3*018 

• start a/hold 


1586. 

GO 17 1 1 

00 

00 Co 

OC 

— 

_NOOP 


. 

J 

15 8 7 . 





• 




— 

- 1580. 



— 

—4# 

. . . - - ... 

SETAOR 02000 • 



1589. 





• 





1550. 


— 

- -- 

— __ 

ifewg- * . 





1551 . 





. JP 

LIST FOR CONSOLE MODE 

SEQUENCE 


1552. 


— 

-- - 

— 

-- # 





1553. 

00 2000 

0 1 

2832 


L NO 

J 

LNSU0 

. TO DISPLAY MOO SUB 

— 

15 5 8. 

0020C1 

CO 

18 02 

cc 

- ■ - --— - 

T 

A8 , PREG *0 

. get register data 

0 _ 

1555. 

DC 2 00 2 

Cl 

0328 



J 

EMAl A 

• 

1556. 

CC 200 3 

oc 

02 18 

00 

* - 

T 

PRLG,a 8»C 

. UPDATE register data 


1 557 . 

00 20 0 8 

01 

2832 


LNl 

J 

lnsub 

. STATUS REGISTER 1 


1558. 

002CC5 

00 

18 05 

01 

# . .. % -— 

T 

AM ,STAT1 .1 

. 

3 

1559. 

002006 

01 

0325 



J 

EHA 1 

. 

_ 

- 1560. 

CC2GC7 

oc 

05 18 

cc 

_ 

I 

stati ,am ,0 

. 

3 __ 

156 1. 

002010 

cl 

2832 


LN2 

J 

lnsub 

. STATUS REGISTER 2 

15 6 2. 

00201 1 

00 

18 06 

01 

--- -- - 

T 

A8 ,STAT2,1 

. 


1563 . 

OC2C12 

01 

C 3 2 5 



J 

EMAl 

. 

_ 

1568. 

002013 

00 

C 6 18 

cc 

. _ 

T 

STAT2,aM,0 

. 

3 

1565. 

0C2018 

01 

2832 


L N 3 

J 

lnsub 

. RTC L 0 E R 

— 

— 1 56 6. 

002015 

CO 

18 07 

01 

- - 

T 

AM ,RTCL . 1 


3 _ 

1567. 

002016 

01 

G 3 2 5 



J 

EMAl 

• 

1560. 

002017 

GO 

07 18 

00 

- .... - 

J 

RTCL , A8.0 

. 


1569. 

002020 

01 

2832 


LN8 

J 

LNSUB 

. RTC UPPER 

_ 

1 57C • 

002G21 

CO 

18 08 

01 

- - 

T 

A 8 , R T C U * 1 

a 

3 

157 1. 

002022 

01 

0325 



J 

EMAl 

« 

_ 

1572. 

002023 

CO 

08 18 

02 

- 

T 

R T CU , A 8*2 

» 


1573. 

002028 

0 1 

2832 


LN5 

J 

lnsub 

. BREAKPOINT 

3 — 

1578 . 

002025 

oc 

18 01 

CO 

. - A.. V 

T 

A8,BRKPT,0 

. 


1575. 

002026 

01 

0328 



J 

EMAl A 

. 


1576. 

002027 

00 

01 18 

GO 

___ 

T 

BRKPT *A8 ,0 

• 

3 

1 577 . 

GG 20 30 

GO 

15 13 

03 

LN6 

T 

XLTR , IRS ,3 

. ICCMR (SETUP POINTER) 

__ 

1578. 

00 20 3 1 

01 

2208 

- - - 

. . _ . __ . .. 

- J 

LFS 

. 

3 _. 

1579. 

QG2C32 

CO 

00 oc 

00 


NOGP 


. 

1580. 

00 20 33 

CGCGOO 


- __ • — 

0 


» 


158 1. 

002038 

Cl 

2800 


LN7 

J 

L M 3 

, page address register 


1582. 

002035 

00 

10 13 

01 

-- &£& . 

T 

PAC, IRS * 1 

* 

3 

1583 . 

0 0 2 0 3 6 

ooccoo 



0 


9 


1588 . 

00 2 C 3 7 

OGCQuO 


* i, 4 S.Aisr 

0 


• 


1585 . 

0020 80 

00 

17 02 

CO 

LNl 0 

T 

MAR ,PREG ,0 

« M A I N MEMORY UISPLmT 

3 _ 

1586. 

00208 1 

0 1 

22 1 1 


. _ 

J 

L F 6 

9 


1587 . 

GC2082 

15 

1 8 CO 

CO 


MC 

018,0*C 

, INITIATE memory read 


1588. 

002083 

oooooc 



Q 


t 

3 ' 

1589 . 

002088 

00 

15 13 

03 

LNl \ 

T 

XLTR , IRS ,3 

. OUTPUT register (SELECT CHANNEL) 


1590. 

0020 8 5 

15 

15 00 

01 

_ 

MC 

015,0*1 

« E N A B L E OUTPUT DATA SELECT 


1591 . 

0 0 2 C 8 6 

C 1 

2107 



J 

LNl 1 a 

« 

. t 

1592 . 

002087 

00 

-OC Cc 

cc 


NOOP 


• 

O 

1 

159 A. 

GG2CSQ 

15 

1C oo 

08 

L N 1 2 

MC 

010,0*8 

, MONITOR CLOCK (ENABLE MONITOR CLOCK SOURCE) 

ro 

sD - 

) 

_ 15 9 8 . 

OG2C51 

01 

2113 

— 

...... 

_J 

LN12A 

« 








... 

" ”. 

yw 

o 

i 

M1N1-UYK-20 

(APE) 

CO 

✓ o 


1595. 

002052 


1596. 

002053 

rv 

1 597. 

C02C5H 

□ 

1598. 

002055 


— 1599. 

G02056 


1600. 

002057 

0 

— 160 !• 

GO 20 60 


16Q2. 

002C61 

0 

—- 1603. 

00 2 C 62 

1 6 0 ^ • 

002063 


16 0 5. 

00206H 


1 606 . 

002065 

D 

_1 607 . 

-002066 


1608. 

002067 

0 

1609. 

0 0 2 0 7 C 

1610. 

002071 


-1611. 

002072 


1612. 

00 207 3 


1613. 

00207 H 


161*4. 

00 2C 7 5 

0 

--16 15. 

002G76 

16}6. 

C 0 2 0 7 7 


-1617. 

CC210G 

0 

1618. 

002101 

-±6 19. 

— 002 102 


1620. 

002103 


-1621 • 

GO2 1 0 H 


1622. 

002 105 


-1623. 

002 106 


162*4. 

002107 


- 1625. 

002 1 10 


1626. 

0021 i 1 


_1627 . 

0 0 2 1 12 

0 

1628. 

002 1 13 


_1 6 29. 

0021 IH 


*■. ' . • 

0021 15 

J 

-1631. 

1 632. 

002 1 16 


-1633. 

- - _ 

D 

1 6 3 H • 



_1635* _ 

002 1 l 7 

0 

1636. T 

CO 2120 

- 1637. - 

—002121 


1638. 

002122 


_ 1639. 

CC2123 

0 

16*40. 

00 2 1 2 H 


1 6 *4 1 . 

002 125 


16*42. 

002126 

0 

— 16*43. 

002127 


1 6 *4 H • 

0Q2130 

0 

16*45. 

002131 

16*46. 

0C2 132 


16*47. 

002133 


1 6*48 . 

0G213H 

0 

16*49. T 

002 135 


1650. 

002136 


1651. 

— 002137 


o 


00 00 00 00 _ 

cocccc 

01 0325 -L N 1 3 

GO 00 GO CO 

000000 - - 

GOCCOG 

01 0325 -LNH 

00 00 00 CO 

COCOOC - 

000000 

01 0325 _ _t N 15 

CO CO OC 00 

OOOCCC -- 

coocco 

01 0325 LN16 

00 oc cc cc 

ooooco -- 

ooocco 

01 2 *4 3 2 -LN1 7 

CO 1*4 02 01 

01 032*4- -- 

IH 17 26*4 

12 1 1 000 -L JO- 

U 10 00 1 
OH 10 10 13 
OH 11 CO 01 

IS GO OG 10 -T- 

w to ht~th o | 03^5 

00 CH 11- 00 —-- 

01 2 H 3 2 L N1 1 A 

CO 1H 16-01- 

01 0325 

CO CO 00-00- 

Cl 2 H 3 2 LN12A 

00 1*4 07 00 - 

0 1 0325 

CO GO oc OC-- 


12 12-CGC - Oewc 

1H C6 15C 

U U OCO- 

17 CO 1C CO 

15 10 031 y- 

16 02 037 

0H 13 IH 10 - - 

OH 12 16 11 

10 13-000- 

17 CO 00 10 

00 OH 12 00-OPMl- 

15 CC 00 10 

CO OH 13 CO- 

15 CO OC 10 

1H 06 1H5- 

15 10 030 

CO IH 06 00- 



SELECT R1 













MlNl-UYK-20 (APE) 


16 5 2# 

^ 002190 

00 

09 

06 

00 

1 653# 

002191 

15 

00 

00 

10 

1659# 

GC2192 

00 

09 

19 

00 

1 655# 

002193 

17 

00 

10 

1 9 

16 5 6# 

002199 

15 

05 

Cl 

00 

1657. 

002195 

00 

19 

06 

1C 

1 658. 

002196 

01 

2 1 *♦ 1 


1659. 

002197 

00 

09 

06 

10 

1 660 • 

002150 

07 

10 

00 

02 

1661* 

002151 

01 

2131 


1662. 

1663. 

1 6 6 9 . 

1665. 

002152 

07 

1 1 

GC 

02 

002153 

12 

12 

C 20 


1666. 

1 667 . 

002159 

07 

12 

10 

06 

1668. 

002155 

00 

15 

12 

00 

1669. 

002156 

12 

12 

ICC 


1670. 

002157 

07 

12 

1G 

1 6 

1671 • 

002 1 60 

12 

12 

200 


1672. T 

002161 

\<i 

1G 

2CC 


1 673# 

002162 

00 

13 

1 1 

02 

167 9. 

002163 

07 

12 

10 

16 

1675. T 

002169 

19 

10 

179 


1676. 

002165 

12 

10 

001 


1 677 . 

002166 

CO 

10 

10 

09 

1678. 

GO 216 7 

06 

1G 

1 1 

09 

l67<? ’ l)/l 

C \> 002 1 70 

03 

10 

1C 

00 

1 68C . 

G02171 

03 

10 

*0. 

.00 

16 8 1. 

“"7 CC2172 

00 

00 

10 

02 

1682. 

C 0 2 1 7 3 

00 

00 

CO 

00 

1683. 

002179 

01 

2932 


1689. 

002175 

oo 

i*f 

13 

01 

1685. . 

002176 

01 

0325 


1686. 

002477 

00 

12 

19 

02 

1687. 

00 2 200 

Cl 

2932 


1686. 

0C22C 1 

CO 

19 

10 

01 

1689. 

Q022C2 

01 

0325 


1690. 

002203 

00 

09 

19 

-CO- 

1691 . 

002209 

01 

2932 



1 692 • 

002205 

00 

19 

17 

01 

1693. 

002206 

CO 

17 

19 

02 

1699. 

002207 

17 

00 

00 

1 8- 

1695. 

002210 

00 

00 

oc 

0 c 

1696. 

002211 

01 

2932 

..... _ 

1697* 

002212 

CO 

19 

03 

00 

1698. 

002213 

00 

0 3 

19 

uC 

1699. 

002219 

15 

19 

02 

CO 

1700. 

002215 

17 

00 

03 

19 

1701 • 

002216 

CO 

CO 

QC 

00 

1 702. 

002217 

15 

10 

031 


1 703. 

002220 

15 

07 

CO 

00 

1709. 

002221 

00 

10 

10 

01 

1 7 0 E • T 

002222 

19 

CO 

291 


1 706. 

002223 

CO 

16 

16 

1C 

1 707. T 

002229 

19 

CO 

233 


1 708. 

C02225 

03 

10 

10 

10 


DATE 101573 PAGE 


DPMI A 


DPM1B 


OP M 2 


LF1 


LP3 


L F9 


LFS 


LF6 


LAI 1 1 


EHK. 1 A 


I 

RGRD • SMi0 

, TO R A♦2 

MC 

0 »0,0 1 C 

. INC SGR TO R A ♦ 3 

T 

RGKD.A9.0 

. A9 TO R A♦3 

E 

0 i 0 1 0 i 0 1 9 

. START HOLD SGH 

MC 

5 i 1 » G 

. SET U CONT CC (DP NORM) 

T 

A9,5M,010 

. 

J -■ 

DPMI a 


T 

RGRD , SM ,010 

. TO RA*2 

L2 

A 0 * 0 0 » 2 

. C L R AO 

J 

DPMI 

. 

L 2 

A 1 .SO.2 

. CLR A 1 

e mode sequence 


TCI 

A 2 . 0 2C 

. MASK 

L 2 

A2 , AO i 6 

. MASK ALTER MODE BIT 

? - 

A 5 » A 2 * C 

. SAVE IN A 5 

TCI 

A2 ,C 100 

. MASK. 

L 2 

A2.A0.0l6 

. SS OF BIT-6 (GENERAL REG) 

TCI 

A2,020C 

. mask 

BNZ 

LF9 

. go to general reg seq 

T 

sgr.ai ,2 

. AI TO SGR FOR GENERAL REG SEQ 

L 2 

A2, AG.016 

. SS OF BIT- 7 ( INST REG) 

6 N Z 

LF3 

. go to Inst reg seq 

TCI 

AO . 1 

* k for general display seq 

T 

AC.AO.9 

. ROTATE for K OF 9 0 (J 

LI 

A 0 . A 1 ,9 

. CREATE RELATIVE JUMP ADDRESS 

S 

AO .AO .0 

. CREATE JP ADDRESS MOD 9 STARTING 

S 

AO .AO .0 


T 

UP .AO .2 

■ . GO TO PROPER AREA 

NOOP 


. 

J 

LNSUB 

. INSTRUCTION REGISTER 

T— - 

A9 , IRS , 1 


J 

emai 

. 

T 

1RD.A9,2 

. 

J 

LNSUb 

. GENERAL registers 

T 

A9 ,RGRS » 1 

« 

J 

emai 

. 

T 

RGRD.A9.0 

. 

J 

LNSUB 

. 

T— 

A9 , I OCMR , 1 

. 

T 

I OCMR , A9,2 

• 

E 

0.0.019 

. START Or go TO RUN SEQ 

NOOP 


. 

J 

LNSUB 

. 

T 

A 9 » M D R .0 

• 

T 

MDR , A9 .0 

a 

MC 

019,2.0 

. INITIATE memory a r I t e 

E 

0.3,019 

a start/aait for memory 

NOOP 


a 

MCS 

0 3 l 

. U CONT SHIFT initialize 

MC 

7 » U ,0 

• RAM TO SGR 

T 

AC , R G R 5 i 1 

. RAM TO AQ ( R 1 ) 

BN 

L D V 2 

a JP IF Ra IS NEG 

T 

A 6 , A 6 * C 1 Q 

. A 6 TO A 6 (SS) 

BN 

LDV 1 

• JP IF Y IS NEG 

S 

AO, AO, CIO 

. SHIFT AQ L (RAM ) 
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1709 
I 7 1 C 

1711 

1712 

1713 
1 7 l 9 
17 15 

1716 

1717 

1718 
17)9 
1720 
172 1 
1722 

-17 2 3 
1 72** 
1725 
1 726 
-1727 
1728 
-1729 
1730 
17 3 1 
1732 
-17 33 
1739 
—1735 
1736 
—1737 
1738 
17 39 
1790 
-17 9 1 
1792 
—1793 
1799 
-17 95 
1796 
—1797 
1796 
—17 99 
1750 
—175 1 
1752 
—1753 

1759 
—1755 

1756 

—1757 

1758 

—1259 

1760 
-1761 

1 762 
1763 
1769 
1765 


QQ2226 
002227 
GG223U 
00223 1 
C02232 
00 2 2 3 3 
002239 
002235 
002236 
002237 
0G2290 
00229 1 
002292 
002293 
002299 
002295 
002296 
002297 
002250 
00225 1 
002252 
0C2253 

- C02259 
002255 
Gu 2 2 5 6 
C02257 
002260 
002261 
002262 
CC2263 
002269 
002265 
002266 
002267 
002 2 70 
00227 1 
GC 2 27 2 
002273 

- 00 2 2 7 9 
C 0 2 2 7 5 

—GO 2 2 76 
0C2277 
CO 2300- 
002301 
GO 2 302 
002303 

002309 

002305 

-C02306 

002307 

-002310 
00231 1 

-002312 

002313 

002319 

002315 

-GO 2 3 1 6- 


01 2276 _ 

03 |2 12 02 
19 00 311 
0 1 2237 
00 00 00 00 
Cl 2275 
05 16 16 09 
19 00 310 
05 09 06 19 

17 00 CQ 19 
CO 09 l2 GO 
19 00 252 
C5 10 1019 
05 12 12 05 
G 1 2275 
03 IG 10 10 
19 0C 312 
05 09 06 19 

17 CC GO 19 
05 09 12 09 

C5 12 12 05 
C 5 16 16 09 

Cl 2275_ 

G3 10 1C 10 

19 QO 31-1- 

Cl 2 250 
00 00 CC 00 

16 10 CQl 

03 10—ig— l-G- 

03 11 11 C 6 

17 00 00 19 - 

00 09 l 1 10 

CO 09 0 2-00— 
19 16 273 

12 12 006 - 

Cl 1565 

12 17-12G- 

01 C219 

15 16 09 00 

03 12 12 02 
02 15 GO 09- 

16 Cl Cl6 

OS 12-4 6-10- 

09 12 16 03 

-19-00 _306- 

00 09 06 1C 
00 QO IS 02 — 

05 12 16 00 

-GO- 00-15-02— 
CO OC 00 OC 

01-2237- 

15 05 02 10 
01 2250 
15 05 C2 10 
1312017 
12 10 017 
03 40 10 00— 


LOV 1 A 


-L 0 V 2 A 


-LDV6 - 
LDV7X 
LC 6 — 
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J 

LD V 9 

s 

A 2 $ A 2 • 2 

-BN 

LDV7X 

J 

LDVlA 

-NOOP 


J 

LD V 3 

- SU 

A 6 , A 6,9 

BN 

L D V 6 

-SU 

R6RD ,SM ,0 19 

E 

0*0,019 

T 

RGRD , A2,0 

8 N 

LDV2B 

SU 

AG , AO ,0 1 9 

SU 

A 2 , A 2 ,5 

4- 

LD V 3 

s 

AO,AO ,G 10 

bn 

LD V 8 

SU 

RGRD,SM»C19 

E 

0*0*019 

SU 

RGRD , A2 *9 

SU 

A2 , A 2,5 

SU 

A 6 , A £ , 9 

-J - 

LD V3 

S 

AC » AO » 0 1 Q 

bn 

LDV7X 

j 

L D V 2 A 

-NOOP 

.... ... 

RN 

1 

-S 

AG*A0*C1Q 

s 

Al ,A j 

£ 

0*0*019 

T 

rgrd,ai* 0lu 

—T- 

RGRD,PREG » Q 

BCL 

LF 10 

TCI 

A 2 y 6 

J 

CISB 

-TCI 

A 7,0120 

J 

runbar 

-MC 

016,H *0 

S 

A 2 , A 2,2 

-A 52 - 

A5 , UP , 9 

OS 

0 1 6 

-SU- 

A2 , A 6 » 0i0 

AS 1 

A 2 , A 6,3 

BN- 

-LD V 5 

T 

RGRC,SM,OIC 

_T 

-UP#A 5 ,2 

SU 

A 2 , A 6,0 

T 

UP * AS * 2 

NOOP 


J_ 

L D V 1 A 

MC 

5,2,010 

4 

L D V 2 A 

MC 

5,2 *0 1C 

TC2 

I RO * 017 

TCI 

AC,017 

S 

AC,AC,C 


• TO DlV/SUb SE Q 

. SHIFT A 2 L (RA) 

• EXECUTE REMOTE IF OVERFLOW 

• GO STORE REM 

• 

• TO DIV/SUB SEQ 
. COMP A 6 It) 

. JP IF 0 VF 

• COMP QUOT (SS) 

« ST a RT 

• RA RESULT (REMAINDER) 

• JP IF t A N q R A NEG 

. COMP aQ ( 5 S) (RAM) 

, COMP A 2 (RA) 

. TO OIV/SUB 5EQ 

. SHIFT AO L (SS) (RAM) (QUOTIENT) 
. JP IF 0 v F 
, COMP Q 0 U T (SS) 

• ST A RT 

• COMP REMAINDER 

• COMP A 2 IRA) 

, COMP A 6 l Y ) 

• .TO OIV/SUB SEQ 

• SHIFT AO L (SS) RA*1 ) (QUOT I ENT) 

• EXECUTE REMOTE IF OVERFLOW 

• 

• 

. REPEAT NEXT 2 INST 16 TIMES 
. SHIFT LEFT (SS) 

. SHIFT RIGHT, INSERT BIT S A VED 

• START 

• return reversed data 

• P TO RA 

• JP IF C L A 5 S II LOCKED OUT 

• INT CODE 

• 

. CLASS II MAIN MEMORY LOCATION 

• CLEAR RUN 

. SHIFT A 2 L (RA) 

* MICRO-P TO A 5 __ 

# REPEAf DI V 

• - - 

• A 2 ♦ A 6 TO A 2 

• JP IF N£G 

. QUOT TO RGR (55) (RAM ) 

• RETURN 

• A 2 - A 6 TO A 2 

• RETURN 


• SET 0 V F 
. SET 0 VF 


left shift 
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1 766 . 


002317 

CO 

19 

1C 02 

1 767 . 


002320 

15 

15 

02 00 

1 766. 


CC2321 

17 

00 

GO 19 

1 769. 


002322 

CO 

oc 

OQ CO 

1770. 


002323 

03 

10 

1C 00 

177 1. 


002329 

00 

1 9 

10 02 

1 772. 


002325 

13 

03 

017 

1 773. 


002326 

16 

10 

002 

177 9. 


002327 

02 

15 

15 03 

1 775. 


002330 

15 

15 

02 CO 

1776. 


002331 

00 

IS 

15 G2 

1 777 . 


002332 

17 

00 

00 19 

1 778. 


002333 

GO 

00 

CO CO 

1 779. 


002339 

15 

10 

CO 2 

1 780. 


002335 

15 

07 

09 00 

1781 • 


CO 2 3 3 6 

CO 

09 

07 10 

1782. 


002337 

17 

00 

Oc 19 

1 783. 
1789* 
1785. 

1 786. 

1 787 . 


002390 

15 

05 

01 oo 

1788. 

1 789. 




— - ■ ■ 

— 

1790. 


C 0 2 3 7 9 

01 

0266 

1791 . 


002375 

12 

12 

002 

1 792. 

1 793. 



- 

- ■ 


1799. 



— 

— 


1795. 


002376 

01 

0266 

1796. 

1797 . 

1798 . 


QG2377 

12- 

12 

ooc 

1 799. 






1800. 


CG29CG 

15 

CO 

Oo oc 

18Q1 . 


002901 

00 

19 

09 00 

1802. 


002902 

01 

2932 

1803. 


C 0 2 9 0 3 

CO 

00 

oo oc 

18Q9. 


GC2909 

CO 

10 

L3 01 

1805. 


002905 

0 1 

0329 

1806. 


002906 

00 

10 

19 02 

1807. 


CC2907 

CO 

09 

06 10 

1 8Q8 • 


CO 2 9 1 0 

15 

07 

09 00 

18Q9. 


00291 1 

00 

09 

06 10 

1810. 


002912 

17 

00 

CO l 9 

1811. 


002913 

15 

05 

01 00 

1812. 


0029 1 9 

00 

I 1 

10 01 

1813. 


002915 

15 

10 

C 9 2 

1819. 


002916 

15 

10 

093 

1 8 1 5 • 


002917 

00 

09 

06 10 

1 8 1 6 • 


002920 

CQ 

19 

06 iC 

1817. 


002921 

15 

05 

0 1 OQ 

1818. 


0C2922 

15 

10 

096 

1819. 


002923 

15 

10 

C 9 7 

1620- 


002929 

CO 

1 1 

06 CO 

1621 . 


002925 

CO 

1 1 

06 QO 

1822. 


002926 

15 

07 

-OH-CO 



T 

XLTRM.AO .2 


MC 

0 1 5 » 2 » 0 


_E 

0 • 0 i 0 1 9 


NOOP 


_LAB 

_..S 

AO , AO ,0 


T 

XLTRM * AC ,2 


_TC2 

CK , IS 


RN 

2 

.. _ . 

_AS 2 

AS , XL TR • 3 


MC 

015,2 i0 

£ y„. __Sjtei* 

_ T 

XLTR ,A5.2 


E 

0 • U » 0 1 9 

■ - - - - - 

- N 0 0 P 


LA9a 

MCS 

2 

— 

— MC 

7 ,9.0 


T 

RGKD *PPROD ,0 10 

— . 

---E - 

0,0,019 


MC 

5,1,0 

-- ■ ■ * • 

SETADR 02379 • 

-♦ 

, $ f. 


f 



-♦- 

illegal -I/O 

i INST 

* 

- j 

EMI ILA 


TCI 

A 2 § 2 

• 

ILLEGAL CP 

INST 


J 

EMI ILA 

- 

_TCI 

A2 »C 

• 

SETADR 02900 • 

• 

-LH3 

MC 

0,0,0 


T 

A9,PTBLS,0 

____ 

—-j 

lnsub 


NOOP 


. .. 

..T 

PAC * IRS » I 


J 

EMA1 A 

_ 

-7 

PTtiLD • A9 , 2 

T A 3 

T 

RGRO ,5M ,0 10 

_ T A 9 

MC 

7 i 9,0 


T 

RGHd , SM , 0 i 0 

___ 

_E 

0*0,019 


MC 

5,1,0 

-- EM A 9 l A T 

Ai , K G R 5 , 1 


MCS 

092 


_ MCS 

093 


T 

RGRD,SM»OiO 


T 

A 9 , S M ,0 10 


MC 

5 , l , C 


. MCS 

096 


MCS 

097 


T 

Al ,SM ,C 


T 

A 1 , SM , 0 


- MC 

-7,9,0 


channel control 

START 

left shift 


REPEAT NEXT 3 INST 

A1 ♦ TRANSLATOR to as 
channel control 

start 

select host 
A To SCR 

start 


. I/O ILLEGAL INST INT CODE 


. CP ILLEGAL INST INT CODE 


U CONT PAGE SELECT 


IR value TO PAC 


return ls 

A TO SGR 
RETURN MS 
START 

DOUBLE PRECISION status 
LS PQkTION 

SHIFT LEFT DP LS AKITH (6-BIT) 

S HIp T LEFT DP MS AkITH (6-BIT) 

return ls 

DOUBLE PRECISION STATUS 

EXTRACT BITS SHIFTED LEFT LS (6-alT) 

extra c t BITS SHIFTED LEFT MS (6 -B I T ) 


A TO SGr 
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1823 
I ©2H 
1825 
1626 
-18 2 7 
1828 

1829 

1830 
-183 1 

1832 
_ 1633 
1 8 3 H 
—18 35 
1836 

1837 

1838 
18 39 
18HG 
18HI 
18 H2 

-18H3 

18HH 

-1 8h5 

18H6 
—4 8H7 
1 8H8 

-18H9 

1850 
— 1851 
1852 
-18 53 

l 8 5 H 
—1855 
1856 
--1857 
1858 

-1859 

1860 

-1861 

1862 

-1863 

186H 

- 1 365 

1866 

1867 

1868 

1869 

1870 
-1871 

1872 
_ 18ZJ 
1 8 7 S 
_ 18 7 5 
1876 
- 1877 

1878 

1879 


CO2H 2 7 00 OH lM .00 

002H 30 01 0626 

002H31 12 12 OHO 


T 

J 

TCI 


RGRD , AH |0 
T A 1 

A 2 1 0 H 0 


return hs 


• MASK 


-THIS .SUBROUTINE PERFORMS TlsTS To DETERMINE if an operator entry CAUSED a 
CHANGE in THE display REGISTER - MODIFIES A D D R REG (AH) AND DISPLAY IF NEC 

..input am * addressed register as s alter mode status 

OUTPUT AH AND DISPLAY REG LuAQED WITH MODIFIED VALUES IF CHANGE ENTERED 


C02H32 
002 H 3 3 
0C2H3H 
00 2 ° 35 
00 2 H 3 6 
00 2 H 37 
002HHC 
C02HH1 
CC2HH2 
C02HH3 
0C2HRH 
002HH5 

0 0 2 H H 6 
0C2HH7 
00 2 H 50 
CC2H51 
0C2H52 
0 0 2 H 5 3 
0 0 2 H 5 H 
CO 2 H 55 
00 2 H 56 
0 0 2 H 5 7 
C w 2 H 6 0 
CC2H6I 
CO 2 H 6 2 
0 C 2 H 6 3 
0 C 2 H 6 H 
0 0 2 H 6 5 
002H66 
QO 2 H 6 7 
002H7U 
C 0 2 H 7 l 
00 2 H 7 2 
00 2 H 7 3 
0C2H7H 
00 2 H 7 5 
C 0 2 H 7 6 
0G2H77 
C C 2 5 Q 0 
002501 
002502 
C C 250 3 
00 250 H 
CC25C5 
002506 
002507 
002510 


02 16 00 OH 
CQ 13 C2 01 
C 6 12 12 05 
0 0 C 2 12 ”07 - 
00 oc oc CO 
Co to 02 n 
1H 01 062 
00 15 1510 
13 02 000 
00 00 Go Gd 
CO 10 02 11 
1H 01 052- 


LNSU8 


O | ?57C 


00 15 15 10- 

IH 1C 052 

06 IH 1 3 OH - 

06 IH 13 Oc 

■c c o \ 

12 10 377 

1H !7 060- 

CH 10 1C 17 
1 H- 1C OSH- 


Q-tOO LNSU8 i 
-L-NSUBA- 


AS 2 A 6 , U P » H 
T a3,DREG»1 

L! A 2 i A 2 » 5 

-f-— 0« fc- G,A2-rfr - 

NOOP 
T 

82 
T 

TC2 
NOOP 

T 

8 Z 

T- 

BN2 
Li 
LI 


AO » DREG > 0 I 1 
LN5UB2 
AS , AS ,0 1 0 
DREG ,0 

AC,DREG.01 1 
L N 5 U B 1 

A 5 , A 5,0 1 0 
LNSUB1 
A H , A 3 i H 
AH , A3 ,C 


CO GO CQ CC 
££_C&__L6-£2— 

00 oc oc co 

IH 1C 052 _ 

12 IH OCC 
01 2H52— 

CO IH 12 CO 
G2—1 H 00 OH — 
0 3 11 11 10 

0310 IQ-12 

03 13 13 12 
03 12 12 02 
17 OC 10 CO 
15 10 01 00 
1 6 C3 037 
05 13 17 10 
05 12 16 11 

17 00—1-0-00 — 
00 00 00 00 
IH 00106- 

CO oc CO 00 

00 00 IH 02 
CC IH CC 00 
OH 13 17 13 — 

C 1 250H 
OH 12 16 01 — 


-LNSUBB 

-LHSUB2 


DD Vfl 


0DV8AA 
-DO VBA 


SAVE RETURN*! IN A6 

SAVE CURRENT CONTENTS 0F DISPLAY REG 
SET A 2 TO ALL ONES 

- DLL£S—LO—t>-ES P LA Y — T - 0 — T EOT 


REG CLEAR SWITCH ACTION READ DISP SAVE STaT 
CLEAR S A ACTIVATED SO 
TEST THE ALTER MODE 

REG CLEAR SW UNCHANGED SO STROBE DISPLAY 

REG FOR POSSIBLE BIT ALTERATION R Q DlS SS 
NO M 0 D IF SO EXIT AITH ADOR REG AH 
LOADED AITH ADDRESSED RE^ (AH) VALUE 
TEST THE ALTER MODE STATUS 

IS SET (NORMAL) SO EXIT A IT H THE bIT/bITS 
SET ON DISPLAY STROBE RET OR•D INTO AH 
alter MODE CLR SO CLEAR BIT IN AH 


—?- 

pRfc<rvAH-r2- 

—. ?■ 

4 H—-L--U-A -i^E- iP E T 

-H—KL-LZLL-MOO—V 

TCI 

AO ,C377 

• 

DELAY CT 


—fcMJS 

LN5UBB 

♦ 

JP IF MICRO-JP SA SELECTED 

ASi 

AC , AO »C 1 7 

t 

DEC CT 


—&N2 

LNSUBA 


oelay loop 


NOOP 


• 



_L_ 

UP ,A6 ,2 


return 


NOOP 


* 



BNZ 

LNSUBl 

t 

alter mqde bit is set so 

EXIT WITH 

TCI 

AH ,U 

« 

aodr REg set to all zeros 


_J_ 

-LNSUBl 

• 

alter mode clear so exit 

WITH 

T 

AH , A2,0 

• 

addr rlg set to all ones 


-AS 2 

AH »UP » H 

• 

SAVE MlCKO-P ♦ 1 IN AH 


S 

A 1 ,A 1 ,0 1 0 

• 

SHIFT L zero FILL (SS) 


S 

AO , Aq t (> I 2 

• 

SHIFT L n1T H INSERT FROM 

PREVIOUS (SS) 

S 

A3,A3,Q12 

• 

SHIFT L i< I T H INSERT FROM 

PREVIOUS (SS) 

— S- 

A2,A 2 %2 

• 

shift l with insert from 

PREV 10US 

E 

0 »0 1C .0 

• 

ALLOA I/O 


-4*C — 

010,1,c 

♦ 

u cqnt shift injt 


DD 

037 

• 

REPEAT DOUBLE DIVIDE 


—SU 

A3,A7,Cl0 

* 

A3 - A 7 TO A3 (SS) 


su 

A 2 , A 6 , C 1 1 

• 

A 2 - A 6 TO A 2 (SS) 


—E- 

0*010,0 

• 

ALLOA I/O 


NOOP 


* 



— BN 

DO V8 A 




NOOP 


* 



T 

UP » A H , 2 

• 

return 


T 

AH,SRUS#0 

• 



ASI 

A3 , A7 *C 13 

• 

A 3 ♦ A 7 TO A3 ISS) 


J 

DDV8A A 

• 



ASI 

A 2 , A 6 , 1 

• 

A2 ♦ A 6 TO A2 
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18 8 0 
1881 

- 1882 
1683 

-1686 

1885 

-1886 

1887 

--4880 

1889 

-189C 

1891 

-1892 

1893 


) 

c- 

i 

CO 

Cn 

/ 


-1898 

1 8 9 B 

-1896 

1897 

-1898 

1899 

-1900 

1901 

-1902 

19Q3 

-19 0 6 

1905 

-1906 

1907 

-1908 

1909 

-4910 

1911 

-49)2 

1913 

-U16 

19 15 

_19 46 

1917 

_19 1 8 

1919 

_19 20 

1921 

__1 922 

1923 

_1928 

1925 

_1926 

1927 

- 1-92 8 

1929 

-1930 

1931 

--19 32 

1933 

-1936 

1935 
--1936 


T 

T 

U 

U 


T 


T 

U 

u 


u 

u 


CC251 1 

CO 

13 

10 

00 

_ DD VO 

002512 

15 

07 

08 

oc 


002513 

00 

12 

10 

1 ! 

-DDVC A 

00 2 5 16 

15 

GO 

00 

?0 


0025 l 5 

15 

CC 

00 

10 

- 

002516 

CO 

10 

10 

01 


002517 

15 

00 

oo 

10 


002520 

16 

00 

150 


002521 

oc 

11 

10 

C 1 

- - - - 

002522 

00 

16 

16 

10 


002523 

18 

CG 

171 

—- 

----- - — 

002526 

05 

17 

17 

16 


002525 

01 

2666 

— 

- - ■ 

002526 

05 

17 

17 

06 


002527 

00 

1 1 

Oc 

CO 

-00V1- 

CO 2530 

00 

10 

oo 

00 


002531 

CO 

06 

11 

10 

-DD V 2 

002532 

15 

07 

06 

00 


002533 

cc 

06 

12 

00 

. . ...- — - 

002538 

15 

00 

Oc 

10 


002535 

00 

C 6 

13 

CO 


002536 

15 

00 

oc 

10 


002537 

CG 

06 

1C 

1 G 


0025S0 

00 

16 

16 

10 

DDV2B 

0025**! 

00 

1C 

05 

05 

- DDV2 A 

002562 

12 

1 1 

OC 6 



002561 

06 

10 

11 

06 


002566 

16 

00 

167 



002565 

t 7- 

oc 

1C 

-19 


002566 

00 

00 

oc 

00 


00 2 5 H 7 

00 

05 

10 

06 

-00-V 3 X 

002550 

05 

1 1 

1 1 

16 

DD V9 

JtCl 

n c 



it 


tillt J J I 



I u 



002552 

05 

13 

13 

15 


002553 

05 

12 

12 

05 - 

- - -- 

002558 

00 

16 

16 

10 


002555 

19 

CC 

166 

:__ 


002556 

05 

17 

17 

16 


002557 

O L 

26 66 



002560 

05 

17 

17 

08 


00256 1 

-05.. 

-1 l 

cc 

19_ 


002562 

01 

2566 



00256.3 _ 

Q5_ 

1 0 

Cfl 

£5_ 


002566 

01 

2H66 


DDV5 

002565 

C5 

16— 

_16 

05 _ 


002566 

05 

13 

13 

16 

D 0 V 6 

002567 

0 l 

2527 



002570 

05 

12 

12 

Q5 


00257 1 

n 1 

9 U A A 


DO V 7 


u * 





002572 

05 

16 

16 

05 


002573 

05 

1 1 

00 

16 

- .... - - - - 

00 2 5 7 S 

01 

253 1 



002575 

05 

10 

00 

05 

- - 

2-S7C. 


2V36 

• 


OO 09 12 OX 
flfcOO *>l 2453 

26 o\ —ao—ox 


DATE 101573 


page 



SETAOR 02700 







.MM-Uyk-20 CAPE ) 


QATe 101573 


1 937 . 

1 9 3 £ . 

1939. 

19HC. 

I 9*. 1 . 

1 9 H 2 . 

1 9*3. 

1 9*i H . 

1 9 *• 5 • 

1 9 v 6 . 

1 9 h 7 • 

19s?. 

1 9 s 5 . 

I 9 5 C • 

1951. 

1 952 . 

1953. 

1 95- • 

4 9 55. 

19 5©* 

19 57. 

1955. 

4959. 

i960. 

1951. 

1 962 . 

19 63. 

1 9 6 H • 

1965* 

1 966 . 

4 95 7 ♦ 

19 6 5 . 

1969♦ - 

1973. 

-1 9 7 1* 

1 972. 

1 9 73* 

197^. 

-1 9 7 5* 

1976. 

4 977* 

1976. 

1579*- 

1 9 5 C • 

-1931 *_ 

1952. 

1953. - 

196*. 

1965*- 

1 986. 

1957._ 

1966. 

1959. 

1990. 

1 9 9 1 * 

1992. 

19 5 3* 


002700 17 00 00 11 
002701 00 00 00 00 
002702 01 0376 

0027Q3 00 16 03 00 


002709 17 1C OG 11 
002705 CO 12 40 00 
002706 01 0376 

-002 73 7 OH 16 03 03 


002710 47 OG-CO-4 1 

002711 00 12 11 00 

CC2712 -Cl 0376 - 

002713 GH 16 03 03 


0027 1H 17 00 00 1 1 
002 715 -CO- 1-2-M-Qe- 
002716 01 0376 

002717 OH 46 03 03 


CO27 20 47 oo CO-1 4 

002721 00 OC CO 00 

-00 2 7^2 2 01—2 7 66- 

QC2723 00 16 03 00 


00272H 17 12 00 1 1 

-002725 -00 00 GO-00 

002726 01 2766 

— 002727—0*4—16 03-03 


002730—17 CCOCli 
002731 00 12 11 00 

002732 01-2766- 

002733 OH 16 03 03 


00273H 17 CO CO 1 1 
-00 2735 CO 42 13 00 
002736 Cl 2766 
0027 37—CH—^6-03 03 


J »Q FOR 1A ft / 0 BYTE (FINAL 

. 

—E 0 10.011 

NOOP 

-j LA2 

T A6 t MDR»G 


. J*l FOR IA A/0 BYTE (FINAL 


E OlQiCiOH 

T-A2,Ao,0 

J LA2 

-AS 1 A6 »MDR , 3 

4*2 FOR IA A/0 BYTE (FINAL 


OPERAND AT Y) 

. BRANCH I 

. 

• JUMP 

. MDR TO A 6 

OPERAND AT Y ♦ R X 1 

. BRANCH 1 i ( (RX ) TO AC ) 

• AC TO A 2 
. JUMP 

• A 2 ♦ MDr TO A6 
OPERAND AT Y ♦ R M) 


— £ — -0.0.011 • BRANCH 1 

T A 2•A1 •0 . A1 TO A2 

_ 4 _L A2. .JUMP 

A S1 A 6.MDR•3 . A2 ♦ MDr TO A6 


. J * 3 FOR IA A/0 BYTE (FINAL OPERAND AT Y ♦ (RM+I)) 


E 0.0.011 

-T-A2 ,A3.0 

J L A 2 

-AS 1- A 6 * M D R.3 

4*H CASCADE U AT Y 

-£ 0.0.01 l 

NOOP 

-J--LA 17 

T A6.MDR.C 


• J*5 CASCADE lA AT Y ♦ RX 


E 012.0.Cl l 

- *COP 

J LA 1 7 

-3LS4 A6.MDR.3 

. 

-*—4^6—C A S C A D E -I.A AT Y .♦ R M 

. 

-E-0.0.0 1 1 

T A 2 i A 1 . 0 
_4— LA 17 
AS 1 A6.HDR.3 


. J«7 FOR IA CASCADE I* AT Y 


E 0.0.011 

-T A2 , A3,0 

J L A l 7 

-— AS1 A6,MDR,3 

J.0 FOR IA KITH BYTE (FINAL 


. branch 1 
. A3 TO A2 
. JUMP 

. A 2 ♦ MDr TO A 6 


* BRANCH 1 

. 

♦ JUMP 

• MD« TO A6 


. BRANCH It ( (RX) TO A 2 ) 
. JUMP 

• A 2 ♦ MDR TQ A 6 


. branch 1 

• A 1 TO A2 
. JUMP 

. A 2 ♦ MDr TO A 6 

( R M *4 ) 

. BRANCH 1 
. A3 TO A 2 
. JUMP 

• A 2 ♦ MDR TO A6 
operand AT Y) 
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MINI-UYK-20 CAPE) 


DATE i°lS73 PAGE 


.... . 1994 . 
1995. 

— ■ J996. 

1 997 . 

— 1998. 

1 999. 

- 2000 . 

2001 . 

- 2002 . 

2003. 

-2004 • 

2005. 

-2006. 

2007. 

-2008. 

2009. 

- 2010 * 

2011* 

- 20 12 . 

2013. 

-2014. 

2015. 

- 2016 . 

2017. 

— 2018 . 

2019. 

--2020. 

2021 • 

-2022. 

2023. 
P* 2024. 
2025. 

-2026. 

2027 . 

_ 2028. 

2029. 

-2030. 

2031 • 

--2032. 

2033. 

-_2034. 

2035. 

-2036. 

2037. 

--2038. 

1 2039. 

_2040. 

2041 . 

> 2042. T 

2043 . 

_2044. 

) 2045. T 

_ 2046. 

2047 . 

' 2048. 

2049. 

--2050. 


- - 


- - 

- . 

.. — _ « _ 

. _ 






002740 

17 

OC OC 

1 1 



E 

0 *0.0 1 1 



• branch i 

002741 

07 

12 00 

12 

-_ i - 

— 

L2 

A 2.50 i 0 1 2 


* 

ZERO TO A 2 (SS) 

002742 

01 

0366 




J 

L A l 


• 

JUMP 

002743 

00 

16 03 

00 

- - 


T 

A6.MDR.0 


• 

MOR TO A 6 

— 

— 


— 


^•1 

FOR I A 

A I TH BYTE 

(FINAL 

OPERAND AT Y ♦ RX) 

002744 

17 

10 cc 

1 I 



-E 

010.0.0 1 1 



• branch l 

002745 

03 

12 1C 

1 4 



S 

A2 , AC • 014 


. 

SHIFT R1,AO TO A2 (SS) 

002746 

C 1 

0366 

— 

—- 

..- 

— 4 

LA) 


« 

JUMP 

00 2 7 M 7 

04 

16 03 

03 



ASI 

A 6 | M D R , 3 


. 

A 2 ♦ MDr TO A 6 





. 

J«2 

FOR I A 

A I T H BYTE 

(FINAL 

OPERAND at Y ♦ RM> 

002750 

17 

OC Co 

1 1 

♦ • 


E 

Q • 0 »0 1 1 



. BRANCH 1 

002751 

03 

12 1 1 

14 

--- 


-----S 

A 2 j A l » C 1 4 


. 

SHIFT Rl t A 1 TO A 2 (55) 

002752 

0 1 

0366 




J 

L A ) 


* 

JUMP 

002753 

OH 

16 03 

03 



ASI 

A6 ,HOR ,3 


. 

A 2 ♦ MDR TO A 6 

--- 

— 



. ♦ 

J« 3 

FOR IA 

A ITH BYTE 

(FINAL 

operand at y ♦(Rm. 1)) 

002754 

17 

CO 00 

l 1 

. 

__ 

E 

0.0.01 1 



. BRANCH 1 

CO 2 755 

C 3 

12 13 

14 



S 

A2,A3.0i4 


. 

SHIFT Rl,A3 TO A2 (SS) 

0 C 2 7 5 6 

01 

G366 


--*&£- - 


J 

L a 1 


. 

JUMP 

002757 

04 

16 03 

03 



ASI 

A 6 , M D R . 3 


. 

A 2 ♦ MDR TO A 6 





-* 

• 

INDIRECT control 1ST 

PASS 



002760 

17 

13 CQ 

1 1 

L A 1 6 


E 

013.0.011 



• branch l. (Rm + l tq a 3) 

002761 

00 

11 12 

cc 

. . . .. 

___ 

_I 

A 1 . A 2 . C 


. 

A 2 TQ A i, l (RM) TQ A 2) 

002762 

00 

13 03 

02 



T 

SGR.MDR.2 


. 

MDR TO SGR. (SEL RX) 

00 2 76-3 - 15 

GO CQ 

GO- 



—HC 

O.G.O 


« 

en a ble p a g e a ddr/i a sel/clR 

002764 

00 

00 05 

02 



T 

UP . IDP ,2 


t 

indirect pointer to MICRQ-P 

002765 

04 

16 16 

0 4 

- 

— 

— ASI 

A 6 , A 6.4 


• 

A 6 * 1 T Q Ao 


♦indirect control cascade 


- 002766 17 00 OC H - — LAi7 E C.C.Oll 

002767 00 00 CO 00 NOOP 

G0277C -00 11 0102 -- —I SGR.MDR.2 

CC2771 15 CO CO OC MC C.C.O 

002772 410 -CC 05 02 -T-UP.lDP.2 

002773 04 16 16 04 ASi A6.A6.4 


SETAdr 03000 • 


• BRANCH i 

. 

• M D R T(j SGR. ( 5 E L R X ) 

. E N A 6 l E P a G E A d o R/I a SEL/CLR 10 RET 
. INDIRECT pointer to m i c r o « p 

. A6 ♦ 1 TO A6 


003000 
- 00 300 1 

003002 
- 003003 
GO 3C 0 *4 
003005 
CC30Q6 
003007 
0030 10 
- 0030 1 l 


12 

16 

002 

SQ 

TCI 

A6,2 

14 

cc 

037 

_ 

_BN 

TA1C 

03 

10 

1C 10 


S 

AC.AQ ,0 1 C 

12 

1 1 

GCC 

* -.4 

TCI 

*1 lO 

14 

CO 

037 


BN 

TA10 

03 

10 

10 00 

. _^_ _ . __ 

_S 

AO .AO .0 

15 

10 

CC 2 


MCS 

2 

16 

07 

006 


_S Q R 

6 

OH 

12 

06 13 


ASI 

A2,SM , 0 1 3 

OH 

12 

CC 03 - 


_ASI 

A2,50.3 


OVERFlOa 
shift LEFT (SS) 

C L R A l 
0 V E R F L o M 
shift left 

Shift left dp LS ARITh (4-BIT) 
REPE A T NEXT 2 INST 7 TIMES 


36 









MINI 

2051 • 

2052 • 
2053. 

2 0 5 4. 

2055. 

2056. 
2057 • 
2058* 
2059. 

2 0 6 C . 
206 1 • 
2062. 
2C 6 3 • 
206*4. 

2065. 

2066. 

2067. 

2068. 

2069. 

2070. 
207 1 . 

2072. 

2073. 
2074 . 

2075. 

2076. 

2 C 7 7 • 
2078 • 
207 9. 
2080. 
2081 . 
2082 . 
-2083. 
2G84. 
-2085. 

2086. 

2087. 

2088. 

2 0 89. 
2090. 
2091 . 
2092. 

-2(39 3. 
209*4. 
-2095. 

2096. 

2097. 

2098. 
-2099. 

2100 . 

2 101* 
2102 . 
-2103 • 
210 * 4 . 

2105 . 

2106 . 
2107 . 


UYK-20 (APE) 


003012 

17 

.00 

1C 

00 - 

_ 

_E .. 

QfOlQiC 


003013 

15 

07 

00 

00 


MC 

7.0,0 


003014 

00 

10 

io 

01 _ 

. 

_T 

AO ,RGRS • 

1 

003015 

16 

07 

0Q7 


SQR 

7 


CG3C16 

0*4 

12 

06 

13 

__ 

-ASl 

A2.SM.0l3 

003017 

0*4 

12 

OC 

03 


ASl 

A 2 , S 0 » 3 


- 003020 

CO 

13 

06 

00 - 

—*- 

^_T - 

A3,SM ,0 


0C3C21 

04 

17 

16 

03 


ASl 

A 7 i A 6 • 3 


— 0030 2 2 

14 

C 7 

032 

— 


_BSS 

T A7 


003023 

03 

13 

1 3 

0*4 


S 

A3 , A3 , *4 


GC3C2*4 

14 

CC 

034 



BN - 

TAB 


0030 25 

0*4 

12 

17 

10 


ASl 

A2 , A7,0 10 

_CO 30 2 6 

04 

12 

0 6- 

0 0 - 

TAS 

_ASl 

A2 ,SM ,0 


003027 

00 

0*4 

1 3 

CC 

TA6 

T 

RGRD , A3 » 

0 

00 3030 

17 

GO - 

oo 

1 <4- 

- 

E - 

0.0.01*4 


C03031 

CC 

0*4 

12 

00 


T 

RGRD.A2. 

Q 

GO 30 3 2 

14 

CC 

035 

. ... * 

-T a 7 

- -BN 

TA9 


003033 

05 

1 2 

06 

13 


SU 

A2.SM.013 

00303*4 

14 

07 

026 


TAB 

- BSS 

T A 5 


CC 30 35 

0 1 

3027 


T A9 

J 

TA6 


OG 30 36 

0 3 

13 

17 

04 - - 


S 

A3, A7 . *4 


CC 30 3 7 

17 

CO 

QC 

1 4 

taio 

E 

€.0,01*4 


0030*40 

15 

05- 

02 

10 - 

- 

——--MC 

5.2,010 



TRIG ROTATE EXEC 


0C3C41 Cl 305*4 --£P2- 4 TTSCL 


0030*42 

00 

It lc 01 

TP3 

T 

A 1 i R G R 5,1 

0G3C43 

-15 

00 Gq 10- 


MC 

c.c.o10 

C G 3 G *4 *4 

01 

3111 


J 

TP T R 

OC 30 *4 5 

00 

12 10 11- 


T 

A2.RGRS.011 

0030*46 

00 

0*4 12 CO 


T 

RGRD, a 2.0 

0 0 3 C *4 7 

-15 

- 07 OHfi 0- 

TFH - 

MC - 

7.4,0 

CC3050 

00 

0*4 1C CC 

T P 4 

T 

RGRD »AO »0 

G03051 

15 

GO 00 10 

- 

MC- 

0 »C .0 10 

OC 30 5 2 

17 

CC 10 1*4 


- 

0,010,014 

003GS3 

00 

0 4 11 -GO- 


T 

_RGRD »A 1 ,0 


TRIG SCALE SUB 


DATE 101573 


ALLO* I/O 
A♦1 TO SGR 

REPEAT NEXT 2 INST 8 TIMES 


shift right zero fill 


start 


start 
set QvF 


. TO SCALE sub entry for M = 3 

. (X>.<rtA+l) to A1 ENTRY FOR M s 1 
. INC S^R To R A + 2 
. TO TRIG ROTATE SUB 
. I A),(RA + 2) TO A 2 (SS> 

. * TO R a +2 

. A TO SGR 

• r TO H A 

. INC ScjR TO RA + 1 

• STmRT/HqLD SGR 
. X TO R A♦ 1 


00305*4 e2 14 OQ-04- 
003055 15 IQ 070 

- 003056^—-03—-I 0—10 05- 

CC3057 03 1 1 11 u 5 

-003060 17 00 10 00 

003061 12 16 COO 

003062 16 06 003 

003063 0*4 10 06 03 

-—0030*4 -—0-4—1 1 06-03- 

C03C65 CO 00 14 02 
-003066 1216017- 


AS2 

A 4 . U P , 4 

• SAVE RETURN ♦ 1 

MCS 

Q70 

. CORDIC SCALE INITIALIZE 

S - 

AO » AO » 5 

. shift right 

S 

A l » A I ,5 

. SHIFT RIGHT 

t— 

0.0 1 0 » 0 

. ALLOA I/O HOLD SGR 

TCI 

A6,0 

• 

RPTS 

3 

. REPEAT SCALE.NEXT 2 INST 4 TIMES 

ASl 

A0.SM.3 

. 

AS! 

A l , SM » 3 

* 

T 

UP.A4.2 

. RETURN 

TCI 

A6.017 

« 


•__h_yper scale sub 


- 003067 - 02 14-CC 04__X±iSXI_AS2 A4.UP.4 

003070 16 06 001 RPTS l 

_003071 C4__1C 436 03 _ASl AO »SM ,3 


SAVE RETURN ♦ 1 

REPEAT SCALE.NEXT 2 INST 2 TIMES 


PAGE 










6C~3 *“ 


MINI-UYK-20 (APE) 


DATE 101573 


PAGE 


38 


J 


2108* 


OC 3 0 7 2 

2 1Q9<; 


003C73 

2110. 


CO 30 7 H 

2111. 


OC 30 7 5 

211 2. 


003C76 

2113. 


CC 30 7 7 

2 1 1 H . 


QC3100 

2115. 


CC3101 

2116. 

2117. 


- - - 

21 1&. 


- 

2119. 


0C3 102 

2120. 


C031C3 

2121 . 


C C 3 1 0 H 

2122. 


003 1 OS 

2123. 


CQ3106 

2 1 2 H • 


CC 3 1 0 7 

2125. 


CG 3 1 10 

2126. 

2127. 



2 128. 



2129. 


OC 3 1 1 1 

2130. 


003 1 l2 

2131 . 


003 1 13 

2132. 


CC31 IH 

2133. 


CC31 15 

2 1 3 H # 


CC 3 1 16 

2135. 

2 136. 


CC 3 1 17 
CC 3120 

2137. 


00312 1 

2138* 


CC3122 

2139. 


0C3 1 23 

2 1 HO ♦ 


C0312H 

2 1 H 1 . 


0C3125 

2 1 H 2 • 


OC 3126 

2 1H3. 


CC3 127 

2 1 H H • 

2 1 H 5 . 


CO 3130 

2 1 H 6 • 

2 1 H 7 • 


- - 

21 H8. 


003 13 1 

2 1 H 9 • 


CC3132 

215 0* 


CG 313 3 

2151 . 


CO 313 H 

2152* 


OC 3135 

2153. 


C03136 

215 H • 


CC3137 

2155. 


003 1 HC 

2156. 


0031H1 

2 157. 


003IH2 

2158. 


0C31H3 

2159. 


003 1HH 

2160. 


00 31H 5 

2161 * 


CG31H6 

2162. 


003 t H7 

2163* 


OC 3150 

2 l 6 H • 


- - 


OH i l 06 03 
17 00 10 GO 
12 16 006 
16 06 00^ 

05 10 06 00 
051106 00 
00 CG 1H 02 
CO OC OQ GO 


Cl 3 0 5 H 
CO 11 10 1C 
15 00 CC 10 
Cl 3131 
00 12 1C 01 
01 30 H 7 

00 OH 12 00 


02 1H OC OH 

1216 017 

15 10 030 

16 OH 000 

02 12 11 13 

0 H 1 1 06 06 
OH 10 06 06 

17 CO 10 00 
12 16 OCO 

15 10 013 

16 OH 015 

02 12 11 13 

OH 11 06 03 
OH JO 06 03 
CO CC IH 02 
00 OC OC 00 


02 

1H- 

co 

0 H - 

12 

16 

C 1 7 


15 

10 

C3Q 

- _ .. _ .. 

16 

OH 

coo 


02 

12 

l 1^ 

03- 

OH 

1 1 

06 

16 

OH 

1C 

06 

0 6 

17 

OC 

10 

00 

12 

16 

CCC 

- - 

15 

1C 

013 


16 

OH 

015 

. .. _____ 

02 

12 

1 1 

03 

CH 

1 1 

06 

1 3 

OH 

1C 

06 

03 

OC 

OC 

IH 

02 

CO 

OC 

CC 

OC 


_AS 1 A 1 * S M * 3 

E OtOlOiO 

- TCI A 6 » 6 

RPTS 2 

-SU ACiSMiO 

SU A l »SH »G 

-T UP i A H # 2 

NOOP 


- • --— 

t TRIG VECTOR EAEC 

Tpb J TT5CL 

TP6 _T A 1 iRGRSiOIO 


MC C»U»ClO 

-j TP T V 

T A 2 i R G R S i 1 

_J T P3 A 

T RGRDiA2 # 0 

• TRIG ROTATE COMPUTATION SUB 


TPTR AS 2 

-TCI 

MCS 
RPTR 
A 5 2 
— A S 1 
ASi 

-E 

TCI 

-MCS 

RPTR 

— - AS2 
ASI 

--ASI 

T 

-NOOP 


AH ,UP,H 
A6,0 1 7 
C3C 
0 

A2,CCRTBL»G13 

Al i S M » 6 
A 0 » S M » 6 
0 * 010.0 
A 6 ,0 
013 
13 

A 2.CORTBL »0 1 3 

Al • S M » 3 
A0 * SM t 3 
UP tAH.2 


-*_TR EG VECTOR COMPUTATION SUd 


TRT V_AS 2 

AH ,UP ,H 

TCI 

A 6 10 J 7 

_ MCS 

030 

RPTR 

Q 

_ AS2 

A2 ,CORTBL , 3 

ASI 

A 1 , SM , C I 6 

_ ASI 

AC i S M * 6 

E 

C i 0 1 C , 0 

- TCI 

A6,0 

MCS 

013 

__ RPTR 

13 

AS 2 

A2,C0RTBL»3 

ASI 

A I t S M , C 1 3 

ASI 

A C 8 S M , 3 

- T 

NOOP 

UP » A H , 2 


ALLOA I/O HOLD SGR 

REPEAT SCALE iNEXT 2 INST 3 TIMES 


return 


• TO SCALE SUB ENTRY FOR M * 2 

. (X) , (R A♦1 ) TO Al ENTRY FOR M*0 

• INC ScR TO RA+ 2 

• TO TRIG VECTOR SUB 

• € 6) t (K A♦2) TO A 2 
, TO RESTORE SEG 

• KS TO RA + 2 


SAVE RETURN ♦ 1 

R1 » C0uNt = 0 

REPEATE KOT A TE,NEXT 3 INST i TIME 


ALLOA I/O HOLD SGR 

SHIFT RIGHT SP ARITH (H-BIT) 

REPEAT ROTATEtNEXT 3 INST iH TIMES 


RETURN 


SAVE RETURN ♦ 1 

R1 C0UNT=U 

REPEATE ROTATEtNEXT 3 INST I TIME 


ALLOA I/O HOLD SGR 

shift right sp arith (h-bitj 
repeat rotate,next 3 inst ih times 


RETURN 
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MINI-Uyk-20 (APE) 


DATE 10)573 PAGE 


2165 

2166 
_2167 

2168 

_2169 

2 170 
217 1 
2 172 

-2173 

217H 

-2175 

2 176 

—-2 17 7 

2 178 

- 2179 

2 1 8 C 

-2181 

2182 

-2183 

218V 

-2185 

2186 

-2187 

2188 



2206 



— 

— 

_• 

HYPER 

rotate A/0 SCALE EXEC 


ENTRY 

FOR 

M»5 

003 IS( 

00 

11 10-01 

_ _TP 7 


T 

Al ,RGRS »1 

a 

(X) , (RA+1 ) TO Al 



CC3152 

15 

CO OC 10 



MC 

0 ,0,010 

• 

INC SgR TO R A ♦ 2 



CC3153 

01 

3206 _ 

- - 


4 

TPHR 

* 

TO HYPER rotate SUB 



0C315H 

00 

12 10 11 



T 

A2 ,RGR5,0 11 

• 

<A > , (KA + 2 > TO A2 (SS) 



003155 

Cl 

3C *• 7 

- . 


-4 

TP3 A 

. 

TO RESTORE SE0 



003 156 

00 

C*t 12 00 



T 

RGRD , A2,0 

. 

A TO K A ♦ 2 






• 

hyper 

rotate a/scale exec 


ENTRY 

FOR 

M* 7 

OC 3157 

OC 

11 10 01 

Tpe 


T 

A 1 iRGRS , 1 

• 

( X ) , t KA+1 ) TO Al 



003)60 

15 

00 Go 10 - 

- 

- 

MC 

0 .0,010 

. 

INC SgR TO R A «• 2 



003 1 6 1 

01 

3206 



J 

TPHR 

* 

TO HYPER ROTATE SUB 



00 3 1 62 

00 

12 1C H 

% - 

— 

T 

A2 ,RGRS ,01i 

. 

( A ) » C R A♦2) TO A 2 



003 1 63 

CO 

OH 12 OC 



T 

RGRD , A 2.0 

• 

A TO R A ♦2 



C0316H 

01 

3067 - 

- 

— 

4- 

THSCL 

. 

TO SCALE SUB 



00 3 1 65 

12 

16 OOH 



TCI 

A 6 , H 

. 




003166 

01 

30 50 


— 

4- 

TPH 


to restore seg 



003167 

15 

07 OH CO 



MC 

7 »*» *0 

• 

A TO SGR 






• 

HYPER 

VECTOR A/0 SCALE 


ENTRY 

FOR 

h 3 H 

00 3 170 

00 

11 IQ 11 

Tp9 


T 

Al .RGRS.Ol1 

. 

( X > i ( RA* 1 ) TO Al 



00317-1 

15 

00 00-40- 



HC 

0 .0.010 

» 

JNC SGR TO R A * 2 



003 1 72 

Cl 

3233 



J 

TPhV 

• 

TO HYPER VECTOR SUB 



003173 

00 

12 1C 01 

W-., 

.. 

T 

A2,RGRS.1 

. 

U> . ( R A ♦ 2 ) TO A 2 



00 3 1 7 H 

01 

3050 



J 

TPH 

. 

TO RESTORE SEO 



003175 

15 o7 -04 OC 



-MC 

7.S ,0 


A TO SGR 



- - 

— 


• 

HYPER 

VECTOR A/SCALt 


_ ENTRY 

for 

M* 6 

0C3J76 

GO 

11 10—14- 

t 

TP lo 

_ 

T- 

Al .RGRS.Ol1 

. 

( X ) » ( R A . 1) TO Al 



003 1 77 

15 

CO 00 10 



MC 

0 .0.0 1C 

• 

INC SG« TO R A 2 



003200 

01 

3233 - 

■ - 

- - 

4 - ---- 

TPHV 

» 

TO HYPER VECTOR SUb 



00320 I 

00 

12 1C 01 



T 

A2 ,RGRS . 1 

• 

(A) , (KA+2) TO A 2 



003202 

01 

30*7 

- .. 

— 

4 - 

-THSCL 

« 

TO SCALE SUB 



003203 

1 2 

16 OGH 



TCI 

A 6 ,H 

• 




0C320H 

01 

3050 

- 


-4 

TPH 

• 

TO RESTORE SEG 



Q032q5 

15 

07 OH CO 



MC 

7 it iO 

. 

A TO SGR 






. 

HYPER 

rotate sub 






-2207. - - ---- - • 

2208 • CO 3 2 0 6 02 !H 00 CM TpHR AS2 AH,UP,M . SAVE RETURN ♦ 1 

-_2209. 003 2o 7—12 16 CO l -- ICl Jt6,i . 

2 2 10* 0032 10 15 10 0 13 MCS C13 . SHIFT RIGHT SP aRITH (M-BlT) 

_2211. 00321 1 16 OH 003_ _«PTR 3 . REPE a T R0 T a TE,NEXT 3 INST H TIMES 

2212. 0032 12 02 12 1 1 1 3 AS2 A 2 , CORT8L»013 

-2 2 1 3 • -0032)3 - &H 1 1-06 03--ASl Al»SM,3 

2 21H. 00 3 2 1H OH 10 06 03 AS1 A0.SM.3 • 

_2 215» €03215 17 CO 10 00 - -- E C.QtO.C • A LLOA I/O HOLD SGR 

2216. 003216 12 16 GQH TCI A6,M • 

_ 2217. C03217 16 OH Oil - _RPTR 9 . REPEAT ROTATE,NEXT 3 INST 10 TIMES 

22 16 . 003220 02 1 2 1 1 1 3 AS2 A 2 , C0RTBL , C 1 3 

-2219. €03221 CH 11 06 03 ------ - AS! Al ,SM ,3 

2220. 003222 OH 10 06 C3 ASl A0,SM,3 • 

_2221 . -003223 17 00 10 GO---E O.OiO.G ♦ ALLOA I/O HOLD SGR 


39 











- MINI- u YK-20 

(APE) 



— 





DA T E 101573 page 

2222 . 

GO 3 2 2 8 

12 

16 

015 

.- TCI 

A 6 i 1 3 




22 23. 

003225 

16 

08 

C02 

RPTR 

2 



REPEAT ROTATE,NEXT 3 INST 3 TIMES 

- 2228 . 

003226 

02 

12 

1113 

- AS2 

A2.C0RTBL.G13 




2225* 

003227 

08 

1 1 

06 03 

AS1 

A 1 » S M » 3 




-2226. 

C03230 

C 8 

1 C 

06 03 

- AS 1 

AO » SM » 3 




22 27. 

003231 

00 

00 

18 02 

T 

U P • A 8 » 2 



return 

- 2228. 

C03232 

15 

10 

C7C 

-MGS 

07C 



CGRDIC SCALE INITIALIZE 

2229. 





* 





—-2230. 

._ 

_ 

_ 


-a- HYPER rotate sub 




223 1 • 





• 





-2232. 

CO3233 

02 

18 

oc CM 

-TPHV AS2 

A 8 i U P * M 


. 

SAVE RETURN t l 

2233. 

003238 

12 

1 6 

00 1 

TCI 

A 6 » 1 


. 


- 22 38 . 

003235 

15 

10 

013 

MCS 

0 1 3 


. 

shift Right sp arith (m-bitj 

2235. 

003236 

16 

05 

003 

RPTV 

3 


. 

REPEAT VECTOR,NEXT 3 INST 8 TIMES 

- 2236 . 

003237 

02 

12 

M 03 

_ --- - . A 5 2 

A2.C0RTBL.3 


. 


2237. 

003280 

08 

1 1 

06 1 3 

A S 1 

Al • S M i 0 1 3 


. 


- 2238 . 

C032M1 

08 

10 

06 03 

-_ ASl 

AO » SM * 3 


. 


2239. 

0 0 3 2 M 2 

17 

00 

10 CO 

E 

0 . 010,0 


. 

ALLOA I/O HOLD SGR 

— 22 MO • 

0032M3 

12 

16 

0 C 8 

-**---TCI 

A 6 , M 


. 


2 2 M J . 

CC32M8 

16 

05 

01 1 

RPTV 

9 


. 

REPEAT VECTOR.NEXT 3 INST 10 TIMES 

-2 2 M 2 • 

0032 M 5 

02 

12 

11 03 

-AS2 

A2,C0RTBL»3 


. 


2 2 M 3 • 

00 32 M 6 

08 

1 1 

06 13 

A S 1 

Al»SM,013 


• 


-2 2 M 8 • 

G032M7 

CM 

10 

06 03 

A SI 

A 0 , S M , 3 


. 


22M5 • 

003250 

17 

00 

10 00 

E 

0 . 010,0 


. 

ALLOA I/O HOLD SGR 

-2 2 M 6 . 

003251 

12 

16 

015 

TCI 

A 6 t 1 3 




2 2 M 7 • 

003252 

16 

05 

002 

RPTV 

2 


. 

REPEAT VECTOR,NEXT 3 INST 3 TIMES 

-2 2 M 8 * 

003253 

02 

12 

1103 

---- ^—6 52 

A2 ,CORTBL* 3 


. 


2 2 M 9 • 

QO 32 5 8 

08 

1 1 

06 1 3 

AS 1 

Al .SM,013 


. 


-^2250 • 

GO 3255 

0 8 

10 

06-03— 

A S 1 

A 0 , S M * 3 


. 


2251 . 

003256 

CO 

00 

1 M 02 

T 

UP .AM ,2 


. 

RETURN 

-2252. 

003257 

15 

10 

070 

- --- . _ - ....-MCS 

070 


• 

CORDIC SCALE INITIALIZE 

2253. 





• 





2 2 5 8 • 

f 3 **#W*<^ 

— 



- SETAOR 0 3 M 00 • 




2255. 





. 





- 2256. 

CC3MCC 

00 

18 

03 GO 

— Lai £&t- 

AM ,MDR ,C 



2ND OP(LS) 

2257 . 

00 3 MC 1 

00 

16 

16 00 

T 

A 6 , A £ , o 



2 n o op address to buss 

--2258. 

0C3MQ2 

17 

00 

00 03 

- . - E - 

0.0.3 



OP-REF.A TO SGR 

2259. 

0 0 3 M 0 3 

12 

12 

177 

TCI 

A2 ,Q l 77 



MASK 

-2260. 

CC3MC8 

CO 

12 

12 CM- 

T 

A 2 » A 2 .8 



FORM CHAR mask 

2261 • 

00 3 M 0 5 

06 

11 

03 CD 

U 

A 1 * M D R , C 



CHANGE SIGN IF FP SUBTRACT/2ND QP(MS) 

-- 2262 . 

G03M06 

00 

4 3 

10 01 — 

LB 2 I 

A3 ,RGRS » 1 



RA to A 3 

2263. 





• 2NC 

op - m 5 part 

I N 

A l 

/ ls part in am 

- 2 2 6 8 • 

- _ 

-- 

_ 

- - 

. 1S1 

op - ms part 

I N 

A3 

/ ls part in ao 

2265. 

00 3 M 0 7 

07 

15 

12 06 

L 2 

A 5 , A 2 # 6 


« 

2 ND OP CHACTERISTIC TO a5 

_2266. 

CC3M1C 

07 

12 

13 06 

_L 2 

A2 , A3 ,6 



1 ST Qp CHACTERISTIC TO A2 

2267 . 

003M1 1 

05 

1 6 

15 10 

SU 

A 6 , A 5 . 0 1 0 



CHACTERISTIC DIF F CSS) 

. 2268 . 

003M 12 

17 

.00 

CO -OC 

E 

0 . 0,0 



ALLOA I/O 

2269. 

003M13 

12 

12 

007 

TCI 

A2,7 




_2270. T 

003MIM 

18 

CO 

185 

_ _ BN 

LSI 1 



UP IF 2ND GT 1ST 

2271 • 

C03M15 

OQ 

17 

13 CO 

T 

A 7 , A 3.0 



1 ST OP(MS) 

_2272. 

CC3M16 

00 

13 

10 OC 

T 

A3 , A 0 ,0 



1 ST OP(LS) 

2272c 

00 3M l 7 

00 

1 C 

1 1 00 

T 

AO , A i ,c 



2 ND OP(MS) 

-_2 2 7 8 • T 

C03M20 

18 

01 

153 

BZ 

LB i 2 



JP IF CH A CTERI ST ICS EQUAL (NO SHIFT N L 

2275. 

CC3M21 

00 

1 1 

18 OC 

T 

A 1 , A M ,0 



2ND OP (LS ) 

_2276. 

CC3M22 

00 

16 

16 QM 

_ . -LB 3 T 

A 6 , A & i M 



ROTATE CHAR DJFF TO L C AE R 

227 7. 

0C3M23 

05 

12 

16 10 

SU 

A 2 , A 6 , C 1 G 



check for char diff gt 28 bits 

-2278. 

003M2M 

17 

CO 

CO 00 

_ - — - E 

0.0,0 



ALLOA .1/0 






- MINI 

22 79. 
2280* 
2281 * 
2282 * 
2283 • 

2 2 8 *. 

22 85. 
2286. 

-2287. 
22 88 . 
2289. 
2290* 
229 i . 
2292 • 
-2293. 
229* . 

2295. 

2296. 
2297 . 
2296. 

2299. 

2300. 
23Q1 . 

2302. 

2303. 
230*. 
2305* 

2306. 

2307. 

2308. 

2309. 

2310. 

231 W 
2312. 

_-2 3 1 3 « 
231*. 

2315. 

2316. 

2317. 

2318. 

2319. 

2 3 2 C • 

232 1* 

23 22 • 
-2323 • 

232*. 

2325. 

2326. 
-2327. 

2328. 
-332 9. 
233C. 
2331 • 

2332. 

2333. 
233** 
3335. 


UYK-20 (APE) 


DATE 101573 PAGE 


003*25 

12 

12 

377 


003*26 

1* 

00 

222 


003*27 

07 

00 

17 

17 

003*30 

07 

1C 

12 

06 

003*31 

1* 

15 

2*5 

003*32 

07 

12 

17 

06 

003*33 

l* 

cc 

037 

W _ 

003*3* 

15 

10 

152 


- C03S35 

05 

11 

U- 

1H- 

003*36 

G 5 

8 C 

to 

05 

— C03H37 

15 

to 

153 

- - 

CCSMHC 

0* 

13 

06 

13 

003**1 - 

0* 

12 

06 

1 1 — 

003**2 

17 

00 

00 

00 

003**3 

GO 

15 

12 

00 

C 0 3 * * * 

1* 

06 

325 


C 0 3 * * 5 

12 

1 2 

010 


003**6 

05 

16 

\ 6 

OC 

003**7 

15 

1C 

1*0 


00 3*50 

15 

10 

-1*1 

— 

003*51 

CO 

1 * 

06 

00 

003*52 

GO 

1 1 

L5 

00 

003*53 

CO 

16 

06 

00 

003*5* 

17 

ce-eo- 

co¬ 

003*55 

00 

1C 

1 1 

co 

OG 3*56 

CO 

11 

13 

OC 

003*57 

15 

10 

175 


GC3*6(T 

00 

1 2-0 3-- 

CM — 


TCI 

A2.0377 

BN 

LB l 8 

— L2 

D0.A7.017 

L 2 

AO i A2.6 

-BFPR 

LB 2 1 

L2 

A2.A7.6 

-BN 

LB* 

MCS 

0152 

su_ 

A1»A1>Ci* 

su 

AO. AO,5 

_MCS 

0153 

AS l 

A3.5M.C13 

-.AS1 

A2»SM»0ll 

E 

0.0,0 

-T- 

A5.A2.C 

BDZ 

LB29 

-TO 

A2.C1G 

SU 

A6.A6 , C 


--. position residue 

MCS 01*0 

-MCS 01*1 

LB& T A * » S M , C 

-T-A 1 » A 5 i C 

T A 6 i S M • 0 

-LB 6-E 0.0.0 

T AO.Al.C 

- —LrB7 - ^ A 1 . A 3,0 

MCS 0175 

-T- a2,N0RM»1 

• POSITION COUNT 


- 003*61 

03 

12 

12 

o* 

003*62 

03 

12 

12 

0* 

C 0 3 * 6 3 

1 2 

15 

002 


0C3* 6 * 

00 

15 

15- 

0* 

003*65 

15 

CO 

00 

10 

003*66 

1*- 

CO 

-CGC 


-003*67 

C& 

12 

-IS 

CO 

0C3*7C 

17 

CC 

00 

oc 

003*71 

12 

13^ 

37 7 


003*72 

06 

12 

13 

12 

003*73 

C^ 

13 

17 

00 

003*7* 

1* 

Cl 

267 


003*75 - 

05- 

13 

12- 

00 

003*76 

06 

17 

1 7 

10 

003*77 

17 

CO 

00 

00 

003500 

CO 

17 

16 

00 

-003501 

1* 

0 0— 3-3 6 

— 

0035C2 

00 

16 

12 

0* 

00 35Q3 

1* 

15 

277 

— 

00350* 

06 

13 

06 

0* 

— 003505 

15 

10 

17* 


003506 

CO 

OC 

16 

1 * 

CO350 7 

17 

OC 

oc 

CO 

003510 

12 

12 

0 10 


-003 5 1 I 

1* 

CO 

303 

— 


S-A2 »A 2 . * 

S A 2 * A 2 » * 

-. ADJUST COUNT 


TCI 

>5,2 

-—I - 

A5 , A5 , * 

MC 

0.0,010 

BN 


• STORE RESIDUE 

_SU 

A2 , A5 » 0 

E 

0.0,0 

— TCI 

A 3.0377 

LI 

A 2 » A 3 , C 1 2 

—02 

A3.A7,0 

BZ 

LB 2 3 

—su 

A 3 , A 2 » C 

LI 

A7,A7,0l0 

£ 

0,0,0 

T 

A 7 , A 6 , C 

—BN 

UNO V 

T 

A 6 , A 2 , * 

— BFPR 

LB2* 

LI 

A 3 » S M , * 

MCS 

0 17* 

T 

DC,A6,0l* 

E 

0.0,0 

TCI 

A 2 , J l o 

---BN - 

LB25 


MASK 

JP.SHIFT CT GT 28 

CHECK FOK SIGN DIFFERENCE 

SIGN/CHak 2ND OP 

JP. FLOATING POINT A/RQUND (NO RESIDUE) 
SIGN/CHAR 1ST OP 

HEX ALIGN LEAST 

compliment the smaller 

HEX ALIGN MOST 


ALLOA I/O 
jp.ansaer ZERO 

ADJUST CT FOR RESIDUE 

HEX LEFT LEAST 
HEX LEFT MOST 

ACCESS NORM COUNT 

ALLOA I/O 

HEX NORMALIZE MOST 


ROTATE 

INC SGR TO RAO 
JP.RESIDUE underflow 


ALLOA I/O 

TEST FOr ZERO COUNT 

CHACTERISTIC 

JP.NO RENORMALIZING 

CORRECT CHAR 

TEST FOR OVER/UNDERFLO». 

ALLOA I/O 

QVF/UF error 

ROTATE 

JP.FLOATING POINT A IT H ROUND 


TEST FOr R* SHIFT 1 
ALLOA I/O 

jp. r* Shift 










C-43 


MINI-UYK-20 (APE) 


OATE 101573 


page 


H 2 


2336 * 


CC35 12 

05 

1 6 

16 CC 


SU 

A 6 i A 6 » 0 

♦ 

ADJUST COUNT FOR residue 

2337 . 

cT 

0035 1 3 

00 

12 

06 QC 


T 

A 2 , S M , G 

• 

LS RENORMALIZED SUM 

233e« 






_ . -- , A* : 

. RESIDUE to shifter 


2339 . 


0035 1 *4 

00 

10 

17 CL 


T 

AO * A7»C 

t 


- 2 3*40 • 


003515 

00 

1 1 

1*4 CO 


T 

Al * A*4.0 

. 


23*41 . 







. shift residue into som 


— 2 3*4 2 • 


003516 

15 

10 

150 

._ - _ 

— M C 5 

0150 

. 

HEX RIGHT ZERO FILL LEAST 

23*43 • 


003517 

15 

10 

151 


MCS 

0 15 1 

. 

hex right zero FILL MOST 

— 2 3*4 *4 • 


003520 

06 

12 

06 C*4 

■ ■ - - — 

— LI 

A2 > SM * *4 

. 


23*45 . 


003521 

06 

13 

06 0*4 


L 1 

A3 , SM , *4 

. 


23*46. 



— 

— 

- 

-— 

—-♦ repack and store 

SUM 


23*4 7 . 


0C3522 

00 

0*4 

13 1C 


T 

RGRD » A 3 » 010 

. 


— 23*48. 


003523 

15 

07 

00 oc 

--- - - - -_ 

-- MC 

7 • 0 » 0 

. 

A + 1 TO SGR 

23*49 . 


00352*4 

CO 

0*4 

12 00 


T 

RGRD . A2 » 

• 


— 2350. 


. . ... 

— 

_ 

— 

- . ... 

* adjust count for 

F Inal 

Res idue 

2351 • 


003525 

12 

12 

006 


TCI 

A 2 j 6 

. 


_ 2352. 


003526 

05 

16 

16 00 

- - —- 

_SU 

A 6 * A 6 » 0 

. 


2353. 







'• CORRECT C H A R ■* 2 *4 



—- 235*4 . 


003527 

00 

12 

12 0*4 

.. t - 

— T 

A2 * A2 * *4 

. 

rotate 

2355 . 


C03530 

05 

17 

12 00 


SU 

A 7 * A 2 » 0 

. 


- 2356. 


003531 

1 7 

00 

IQ 00 

- - 

E 

0.C10.0 

. 

ALLOA I/O,KEEP SGR 

2357 . 


003532 

12 

12 

377 


TCI 

A2,0377 

. 


-2358. 



. .. — 

— 


- 

♦ ACCESS FINAL RESIDUE 


2359. 


003533 

15 

10 

1*42 


MCS 

C 1 *4 2 



-2360. 


00353*) 

15 

10 

1*43 

- ■ - - • - 

MCS 

01*43 



236 1 • 


003535 

CO 

1 1 

06 10 

L B 9 

T 

A 1 i SM ,0 1 0 



-2362. 


003536 

07 

16 

06 1 6 

- - 

L 2 

A6,SM»016 



2363 . 


003537 

07 

12 

17 05 


L 2 

A 2 * A 7 i 5 


MASK CHaR 

-236*4 . 

T 

CO 35 *4C 

1*4 

06 

331 

. - — 

8DZ 

L B 2 7 


UP,RESIDUE = 0 

2365. 


0035*4 1 

06 

13 

17 10 


LI 

*3,A7,0I0 


TEST FOR Ch A R UNDERFLOW 

2 3 6 6. 


GO 3 5 *4 2 

C 6 

12 

16 0*4 

- - - • - 

-LI 

A 2 • A 6 i *4 


in 5 ert char 

2367, 


0035*43 

17 

CO 

1C 1*4 

LB 1 0 

E 

0.010,01*4 


START,K£EP SGR 

- 2368. 


CG35*f*4 

CO 

0*4 

1 1 00 

— 

—T- 

RGRD , A 1 ,0 



2369 . 


0035*45 

05 

16 

16 0*4 

LB 1 l 

SU 

A 6 , A 6 i *4 


2 * S COMp A 6 

- 2 3 7 C • 


0035*46 

00 

17 

11 00 

-..... 

F 

A7,Aj t0 


2ND OP(MS) 

237 1 . 


0035*47 

00 

1 1 

10 CO 


T 

Al » A 0 | C 


1ST Q P(L 5) 

- 2372. 


0C 3550 

CG 

10 

13 GO 

-- *£v- - 

_T_ 

AO , A3,C 


1 S T 0 p ( M ^ ) 

2373. 


0 0 3 5 5 1 

01 

3*422 


J 

L B 3 



- 237*4 . 


003552 

GO 

13 

-M 00 

..... 

— T 

A3 , A*4,0 


2ND 0 P(L S) 

2375. 


003553 

12 

12 

377 

L B 1 2 

TCI 

A 2,0377 



-2876. 


00355*4 

C 7 

00 

17 17 

. _ ___ . 

- L2 

DQ,A7,C17 


TEST SIGNS DIFFERENT 

2377 . 


003555 

07 

10 

12 06 


L 2 

AO , A2,6 


SIGN/CHAK 2ND OP 

-2378. 

T 

003556 

1*4 

00 

17*4 

-- - - - - 

- BN 

LB 1 5 



2379. 


003557 

07 

12 

17 06 


L2 

A 2,A 7 ,6 


5 IGN/CHaR 1ST OP 

_2380. 


003560 

05 

13 

1 1 10 


-SU 

A3,A 1 ,C 1 C 



238 1 • 


003561 

05 

12 

10 11 


SU 

A2 ,A0.0 U 

e 


___ 2382, 

T 

003562 

1*4 

CO 

177 

.. . __ . 

- BN 

L B 1 6 


JP,GQ COMPLIMENT sum and toggle sign 

2383. 


003563 

00 

00 

00 OC 


NOOP 




._238*4 * 

T 

00356*4 

1*4 

06 

325 

. .... LB l 3 

BDZ 

L B 2 9 



2385. 


003565 

12 

1*4 

000 

L 8 1 *4 

TCI 

A *4,0 


C L R RESIDUE 

-2386. 


003566 

17 

CC 

OC 00 

_ _ _ 

- E 

0,0,0 


ALLOA I/O 

2387 . 


003567 

12 

16 

oco 


TCI 

A 6,0 


CLR RESIGUE 

2388 . 

T 

003570 

1*4 

15 

2 06 


SFPR 

LB 1 7 


J P ,FLOATING POINT A/RQUND 

2389 . 


003571 

00 

1 1 

12 00 


T 

Al , A2,0 



-2390. 


003572 

01 

3*456 

- .. - 

4 

LB7 



2391 . 


003573 

00 

1C 

1 1 OC 


T 

AO.Al ,0 



-2392. 


— 

— 

— 


- 

—PERFORM ADD 


















MINI-Uyk-20 (APE) 


DATE 10)573 


2393. 

CC357 *4 

CH 

13 11 13 

239*4 . 

CC357S 

01 

356*4 

2395. 

CC3576 

OH 

12 1C 11 

2396. 

€03577 

05 

15 13 1H 

2397. 

CC36CQ 

05 

12 12 05 

2398. 

00360 l 

12 

1 3 200 

— 2399. 

CC36C2 

00 

13 13 OH 

2*400. 

C 0 3 6 0 3 

06 

17 17 OC 

— 2*401* 

GO 36C *4 

01 

356S- 

2*102. 

0 0 3 6 C 5 

CO 

13 15 00 

_2*4Q3. 

CC36C6 

12 

12 377 - 

2*40*4 • 

C C 3 6 C 7 

07 

12 11 10 

--2*405. 

GC361C 

CO 

1C 11 00 

2*406 . T 

CC 3 6 1 1 

1*4 

01 C 5 6 

-2*407 • 

CC3612 

12 

12 OOH - 

2*408 . 




-2*409 . 

CC 3613 

OH 

1312 13 

2*4 10. 

OC36 l H 

12 

IQ OCC 

-2 *41 l • 

CC 36 l 5 

OH 

10 11^ 01 — 

2*412. 

C036 16 

12 

1 2 376 

— 2*4 13. 

CC3617 

00 

| J —1^3—00- 


-LB15 


LB i 6 


-LB17 


A S 1 

A 3 i A 1 • 0 1 3 


J 

L B 1 3 

• 

A S 1 

A2 , AO *C 1 1 

. 

SU 

A5iA3 » 0 1 H 

. 2•S COHp 

- SU 

A 2 * A 2 i 5 

. 

TCI 

A3 , Q20C 

. 

— T 

A3, A3 ,*4 

. 

LI 

A7,A7,0 

. TOGGLE sign bit 

-j - 

L81H 


T 

A3 , A5,0 

• 

-TCI 

A 2 , C 3 7 7 

. 

L2 

A2 , A 1 i 0 1 0 

• TEST FOR RENORMALIZE 

-T 

—AO.Al,0 


BZ 

LB 7 

« 

TCI 

- A 2 , *4 

• 


RIGHT H ROUND 


CG362G 
CG3621 


Cl 3 H 70 
00 12 -12 0*4 


AS1 

A3,A2.CJl3 

• 

TCI 

AC ,0 

. 

AS 1 

AC, Al ,1 

• 

TCI 

A 2 , Q 3 7 6 

. right shift h count 

j _ 

-A i » A 3 , 0 

LBti 


J 

• TO RENORMALIZE 

-T- 

A2,A2,H 

• ROTATE SHIFT CT 


CC3622 

CC3623 

00362*4 


07 10 12 06 
1H- 00 227 
07 12 17 06 


LB10 


CC3625 
003626 
C 0 3 6 2 7 


os ii ii m 
G5 -H3- +C-C5- 
OC 15 12 OC 


LB19 


OC 36 30 

003*31 

003*32 

003633 

G0363H 

CC3635- 

003636 

003637 

C036M0 

0036*41 

0036*42 

GO 36 M 3 

CC36MH 


12 12 013 
OS 12 16 uy 
00 12 00 
-l H- -00-241- 

11 16 CIO 

-15 40—152- 

01 3*451 

15 1C 153-- 

CGOGGG 

12 1H GOO- 

12 16 CCO 

Cl 3*4S*4—-- 

CO 11 15 10 


• CHAR D1FF GT 28 

mask off sign/char 
L2 AO • A 2 • 6 

-04*-L B ) 9 

L2 A 2 i A 7i6 
—COMPLIMENT SMALLER 
SU A 1 i A 1 » C 1 *4 

-51^-AO • AO »5 

T A 5 t A 2 i 0 
—*—££ S T—F 0 R GT -52 
TCI A 2 i 013 

A2 , A6,010 
A 2 , A 6,0 
LB2C 
A6,0 1C 
0152 
LB 5 
0153 


IF SIGNS DIFFERENT 


-4^20- 


0036*45 
CO 36*46 
0036*47 
CC3650 
C C 3 6 5 1 
CG3652 
003653 

00365*4 
CO 3655 


15 1C 162 

1 *4- 00—263- 

15 10 163 

C5 1 106 1*4 
05 10 06 05 
03 1C 10 15 
C3 1 1 1 1 06 

0 *4 13 11 13 

0*4 12 10 )1 


LB2 1 


L 52 2 


SU- 
T 

BN 
SC 

—MCS 
J 

-MCS 

•CLEAR RESIDUE 
-TCI - A *4 * C 
TCI A6,C 

U-LB 6 

T Al » A 5 « 010 

♦ round smaller 

MCS C 1 6 2 
-BN LB2 2 A 

MCS 0163 
- SU A l »SM ,C 1 *4 
SU AC.5M.5 
S AC * A 0 » C 1 5 

S A 1 ,A j , 6 

-♦ perform add 
AS 1 A3 , A 1 ,C 1 3 
-AS! a2,A0»C11 


POSITION residue 

TO RENORMALIZE 
POSITION residue 


TO RENORMALIZE 

HEX ROUND LEAST 
hex round most 


r i ghT Sign fill (ss) 

RIGHT rt/ShIFT SAVED 


page 


*43 












C-45 


M1NI-UYK-2C (APE) 


DATE 101573 


PAGE 


HH 


2 H 5 C • 

003656 

12 

1*4 

000 

_ _ . 

TCI 

AM ,0 

. CLR RESIDUE 


2 *4 5 1 S T 

0G36&7 

1*4 

06 

325 


BOZ 

L B 2 9 

• 


2 *4 5 2 • 

OC 3660 

12 

16 

COO 

- .. 

TCI 

A 6 » Q 

. CLR RESIDUE 


2 H 5 3 • 

003661 

0 1 

3*45*4 


J 

LB 6 

, TO renormalize 


- 2H5H. 

GO 3 6 6 2 

00 

l 1 

12 00 

-- 

T 

Al »A2.0 

• 


2H 55* 

003663 

0 *4 

1 1 

06 10 

L 8 2 2 A 

AS 1 

A I » SM >0 1 0 

• 


- 2 H 5 6 • 

00366*4 

12 

10 

COO 

— - - - 

TCI 

AO »U 

. 


2*4 57 • 

003665 

C 1 

3652 


J 

L B 2 2 

. 


— 2H 58. 

003666 

0*4 

10 

06 0 1 

— 

-A S 1 

AO *SM , J 

. 


OP CODE ON 

NEXT LINE IS 

illegal 






- 2H59. 

003667 

OCGCOC 


LB23 

L 

RGRD »A3.0 1 *4 

. 


2 M 6 0 • T 

CC367C 

1*4 

15 

1*43 


8FPR 

LB 10 

• JP,FLOATING point k/rqund 

-2*46 1 . 

003671 

15 

07 

00 OC 

— 

MC 

7.0*0 

. A ♦ i TO SGR 


2H 62. 

003672 

00 

0*4 

1 1 CO 


T 

RGRD,A 1 i 

. 


- 2 H6 3 • 

003673 

00 

10 

16 00 

- 

T 

AO , A6,0 

. 


2H 6H. 

00367*4 

00 

1 1 

1*4 00 


T 

Al * A *4 » 0 

• 


-2*465. 

OC 3 6 7 5 

01 

3720 

— 

-j- 

L B 2 6 

. 


2 *♦ 6 6 • 

003676 

12 

16 

002 


TCI 

A6,2 

. 


- 2 R 6 7 • 

003677 

CO 

0*4 

13 10 

L B 2 *4 

T 

RGRD,A3*010 

. RESTORE sum for round 


2 *4 6 S • 

003700 

15 

07 

00 CO 


MC 

7.0.0 

• A♦1 To SGR 


-2 H 6 9 • 

003701 

17 

00 

1 0 1 *4 

- --- - 

E 

O.GlO.OlM 

. START,KEEP SGR 


2 H 7 0 • 

003702 

CO 

0*4 

06 CO 


T 

RGRD » SM» 0 

• 


-2*471 . 


__ 

_ 

.. . 

- - -. 

. R*4 

SHIFT 



2*472. 

003703 

00 

15 

06 CO 

L B 2 5 

T 

A 5 . S M . 0 

. 


2*473 . 






_* STORE SUM 



2*47*4. 

00370** 

00 

0*4 

13 10 


T 

RGRD , 43.010 

• 


-2*475* 

C03705 

15 

07 

oo CO - 

_ 

_MC 

7.0.0 

. A 4 1 TO SGR 


2*476 . 

003706 

00 

0*4 

15 CO 


T 

RGRD , A5.0 

. 


J u 7 7 . 






- S A VP L QiiFR U SUM 



-t / f ♦ 

2*478 . 

003707 

12 

12 

017 


TCI 

A 2,0 l 7 

• 


- 2*479 . 

003710 

07 

1 1 

12 06 


L 2 

Al . A2.6 

. 


2*480 . 






• MASK and INSERT INTO RESIDUE 


-2*481 • 

CC371 1 

07 

12 

1*4 00 

• — 

-L 2 

A2 , AH .0 

. 


2*482 . 

C 0 3 7 1 2 

06 

1 1 

12 0*4 


LI 

Al , A2 »H 

• 


—-- 2*483 . 




. . - - 

-— 

• ADJUST CHAR RESIDUE 



2*48*4. 

-3713 

CO 

10 

17 00 


T 

AO i A7.0 

. 


—-2*485 . 

00371*4 

12 

12 

006 

-— • 

TCI 

A 2,6 

. 


2*486 . 

003715 

CO 

12 

12 0*4 


T 

A 2 , A 2 , H 

. 


-2*487 . 

003716 

05 

17 

12 00 

-^ 

- su 

A 7 , A 2 , C 

. 


2*486 . 

003717 

12 

16 

003 


TCI 

A6,3 

• 


- 2*489 . 

003720 

17 

OG 

10 00 

— Lb2 6 - 

E 

C .0 1 0,0 

. ALLOW I/O,KEEP SGR 


2*490. 

CO372 i 

12 

12 

377 


TCI 

A2,0377 

. 


-2*49 1 . 

003722 

15 

10 

15*4 - 

_- - 

-- MCS 

0 1 5 *4 

, RIGHT cjr FOR RESIDUE 

positioning 

2 R 9 2 • 

003723 

01 

3535 


J 

LB9 

« 


_2*4 93 . 

00372*4 

15 

10 

155- 

_ _ 

—MCS 

0155 

* RIGHT cir for residue 

POSITIONING 

2*19*4 . 






. RESTORE ZEROS FOR AnShER 


_ 2*495 . 

CO 3 7 2 5 

CO 

0*4 

OC 10 

-LB29 

T 

RGRD , 50 » 0 1 0 

. ZERO 


2*496 . 

003726 

15 

0 7 

cc 00 


MC 

7.0.0 

« A*l TO SGR 


_ 2*497 . 

003727 

1 *4 

15 

325 _ 


_BFPR 

EM Al 

, 


2*498 . 

003730 

00 

0*4 

00 10 


T 

RGRD , SO .010 

. ZERO 


_ 2*499 . 

003731 

15 

-OC 

Co ic 

_L B 2 7 

MC 

0.0,0 10 

. INC SGR TO RA+2 


2 5 Q C • 

003732 

00 

0*4 

00 00 

L B 2 8 

T 

RGRD , 50 * 0 

. ZERO 


_2501 . 

003733 

15 

00 

Oo io 

_ 

_ MC 

0.0,0 1C 

. INC SGR TO RAO 


2502* 

00373*4 

17 

CO 

10 1*4 


E 

QiUiO.CiH 

. start .Keep sgr 


2503. 

0C3735 

00 

0*4 

00 00 

.... _ 

T 

RGRD , SO » 0 

. ZERO 


250*4 . 






• floating point under/overflok Sequence 


— 2505* 

003736 

15 

05 

02 10 - 

_unqv _ 

-- MC 

5.2,01C 

. SET OvF 










C-46 


MIN! 

-UYK-20 

( APE) 


- . . .... 

- 










DATE 101573 

PAGE 

95 

2506. 

T 

003737 

19 19 393 


- eri unovb 





« 

JP 

, 

int to be 

GENERATED,GO CHECK 

LOCKOUT 


2507. 


003790 

12 12 009 


TCI A 2 i *) 






• 

int 

CODE 





- 2508. 


00 3 7 M I 

17 00 00 19 

-UNO V A 

E 0 #Q ,0 1 9 




• 

start 





2509. 


003792 

CO 00 00 00 


NOOP 






• 








-2510. 

T 

003793 

19 16 391 _ 

-UNOVB 

8CL UNOVA 





« 

JP 

, 

CLASS II 

LOCKOUT 

IS SET 



2511. 


003799 

12 17 120 


TCI M A R » 

0120 




. 

class ii main memory 

LOCAT ION 



25 l 2. 

* 

003795 

01 1566 - 


-j. CISC 






• 

to 


common int seq 




25J3. 


003796 

00 00 00 00 


NOOP 






• 








—- 2 5 I H • 

. _ - 

_ 

_ 


_ 














2 5 1 5 . 




• - • 


- 

. 

. 

- 

- - 

- - - 

- 



- - . - 


. • . « 

• - 

_ 2516. 

. . . _. 

. .. 


. EMULATE SECTION 

PROM 











25J7. 






- 

• 

• 

• 

- - 

- - - 

- 


- - - - - 

- - - - 


- - - - 

• - 

_2518. 

. * _ 

___ 


-*- 















2519. 




ESROM* 

PROC . 














- 2520• 


__ _ 

_ .. 

_esromf - 

FORM 3 > l * 

1 , 

1 • 

1, 

9 


• 








252 1 . 





ESROMF 

E S R 0 Ml 1 

, 1 ) 

,E$KOM( 1 

• 

2)|EsR0M(1,3),ESR0M(1,9>»: • 



2522. 

- 


- 


__ ... .. 

ESROM ( i 

,5) 

» C 7 7 7 - 

(ESRQM(2il) } 

. 




2523* 





END . 














-2529. 

- ■ 

— 


-1-- 

— 


— - 












2525. 





setadr oiococ 


• 










-2526. 

-.. 


















2527 . 




• MEM 

MODE-3, M-i 

, 

I- 

1 > 

0 

-1 , 

u-1 , 

E C 6 

pointer- 

9 




-2528. 


— 


- t — c - 

-. - 














2529. 




• • • 


• 

• 

• 

• 

♦ 

• * * 

• 


♦ * * * 

• • * • 


* * * • 

♦ • 

-2530* 

__. ..... - 

010000 

o 0 0-0—H 2-3- 


-ESROM 

0 

,c 

,0 

lO 

» 1 

iM I I l 0 



ILLEGAL 

INST 


PC" 7 7 

RX 

2531 . 


C1CC01 

00001 123 


esrom 

c 

,0 

,0 

»G 

, 1 

tuiuo 



IlLEG a L 

INST 



RK 

-2532. 


010002 

0 000 1 123 

- 

_esrom 

0 

• 0 

,0 

»0 

, 1 

fchl 1 10 



Illegal 

INST 



R I 

2533. 


010003 

0 0 0 0 1 123 


esrom 

0 

,c 

,0 

»G 

, 1 

tfll I 10 



Illegal 

INST 



RR 

-2539. 


C10GC9 

0 1 0—1—0— G-7-9- 


-ESROM 

c 

.1 

,0 

» 1 

»U 

t mO S 






FC* 7 6 

RX 

2535. 


C1C0G5 

0 C C 0 l 123 


Esrom 

0 

*c 

• 0 

» 0 

, 1 

tftll 10 



illegal 

INST 



RK 

-2536. 

... _ 

010006 

€ 0—0 0-1-123- 


—esrom - 

0 

• c 

tC 

»G 

, 1 

Em 11 io 



ILLEGAL 

l N ^ T 



RI 

2537. 


C10007 

0 C 0 1 1 101 


esrom 

0 

tC 

,0 

, 1 

, 1 

£ M C 3 







RR 

2538. 

_ 

0 ICO 10 

_C-a-0 0—1—123-- 


_ESROM 

0 


,0 

,0 

, 1 

Em 111 o 



illegal 

INST 


FC-7S 

RX 

2539. 


010011 

0 0 0 Q l 123 


ESROM 

0 

,0 

»o 

i G 

, 1 

tun io 



illegal 

INST 



RK 

-25 HO . 


010012 

0 0 0 0 1 423 

. __ 

__ ESROM 

c 

*c 

,0 

»G 

» 1 

t H I 1 I 0 



ILLEGAL 

INST 



Rl 

2591 . 


010013 

0 0 Q 1 1 10 


ESROM 

0 

,c 

,0 

* 1 

, 1 

E M D 9 







RR 

2592. 

. . ..... _ 

0 1 CO 19- 

0000 1 123 


_ESROM 

0 

,0 

»c 

• 0 

, 1 

L M 1 1 1 0 



ILLEGAL 

INST 


F C* 7 9 

RX 

2593. 


G1CG15 

0 1 0 1 0 197 


ESROM 

c 

,1 

|0 

» 1 

i 0 

EmF3 







RK 

_2599._ 


010016 

0 0 001 123_ 


esrom 

0 

• o 

, Q 

,c 

, 1 

E M4 1 1 0 



ILLEGAL 

INST 



R I 

2595. 


010017 

0 0 C 0 1 123 


ESROM 

0 

»c 

,0 

»G 

, 1 

Em 1 1 io 



ILLEGAL 

INST 



RR 

-2596. 


C1CC2C 

01 0 1 G 603- 


_ESROM 

0 


,0 

, 1 

, 0 

EmJI 






F C*7 3 

RX 

2597. 


010021 

C C C 0 1 123 


esrom 

0 

.0 

,0 

,0 

, 1 

E M 1 I 1 0 



1U-EG*L 

INST 



RK 

_2598. 

. __ 

— C1CC22 

C 0 0 0 l 1-23- 

. - 

- ESRQM 

0 

,c 

,0 

»G 

, 1 

LMl I IO 



illegal 

INST 



RI 

2599. 


010023 

00011 192 


ESROM 

G 

,0 

,0 

i 1 

, 1 

£ M J 9 







RR 

--2550* 

torn y 

C1CG29 

0101 0 593- 

... 

-ESROM 

G 

,1 

,0 

» 1 

f G 

E M H 5 






FC*72 

RX 

2551 . 


010025 

0 0 0 0 1 123 


ESROM 

c 

,c 

,0 

» 0 

, 1 

fc M I I I 0 



i lleg a l 

INST 



RK 

-2552. 


010026 

0 0 0 0 1 123- 

_ ...... ... 

--ESROM 

C 

»c 

,0 

»G 

, 1 

LMl I IO 



illegal 

INST 



RI 

2553. 


C100 2 7 

0 C 0 0 1 123 


ESROM 

G 

»Q 

»G 

,0 

, 1 

t M II I C 



Illegal 

INST 



RR 

2 55 9* 

- - - 

—01 CO 30 

0 1-0 ^ C -553- 

. .. 

-ESROM 

G 

tl 

,0 

» 1 

,c 

E M H 9 






FC* 7 1 

RX 

2555. 


01CC31 

01010 610 


ESROM 

G 

, 1 

»o 

, 1 

, G 

E M H 3 







RK 

-2556. 

__ 

-01CC32 

000 Cl 123- 

__ 

. esrom 

0 

• 0 

,0 

» G 

, 1 

LHlllO 



illegal 

INST 



RI 

2557. 


010C33 

0 0 0 0 1 123 


ESROM 

0 

• c 

,0 

, C 

, 1 

E M I i I 0 



Illegal 

INST 



RR 

_2558. 


C10G39 

0 1 0 1 0 421 

. ___ _ . ... 

ESROM 

0 

,i 

»c 

» 1 

,0 

EmH2 






F C* 7 0 

R X 

2559. 


010035 

C 0 0 C 1 123 


ESROM 

u 

• c 

,0 

, c 

, i 

tdl 1 ic 



illegal 

INST 



RK 

- 2560* 


010036 

0000 l 123 


ESROM 

0 

»c 

,0 

» c 

, 1 

E M I I I 0 



illegal 

INST 



Rl 

2561 • 


010037 

C 0 0 1 0 737 


ESROM 

0 

,c 

, c 

, 1 

» c 

t M H 1 







RR 

_2562. 


010090 

6 1 1 0 0 619- 

-- ' --- 

_ESROM 

6 

,1 

• 1 

, L 

» G 

EmEI 1 


• 




FC*b7 

RX 




















Wt'-O 


MJNI-UYK-20 

(APE) 






- 









DATE 1 0 1 S 7 3 

page 

*46 

2563. 

0100 M 1 

Q 

0 

0 

0 

1 

*462 




ESROM 

0 » 0 » 0 » 0 » 1 

E M I l U 

t 

illegal 

INST 


R K 

2 56*4. 

0 100*42 

0 

0 

0 

0 


*462 




esrom 

0 » C » 0 , G » 1 

E M I I U 

• 

Illegal 

INST 


R 1 

2 S 6 5 . 

C 100*43 

COGOOC 



--- . 



0 . 




UnASSIGNEG 


RR 

2 566. 

0100*4*4 

6 

1 

1 

0 

0 

612 




ESROM 

6 , 1 * 1 ,0,0 

EmEIg 

• 



F C ■ 6 6 

R X 

2 5 6 7 . 

0100*45 

0 

0 

0 

0 

l 

*462 




esrom 

c.o,0,0.1 

E M I I 0 

• 

I LLEG a l 

INST 


R K 

2 5 6 8 • 

0 100*46 

0 

0 
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APPENDIX D 


MAIN MEMORY ADDRESS ALLOCATION 

ADDRESS FUNCTION 

OOOOOO \ 

> Unassigned 
000107 ) 

000110 CP Class III interrupt address for Store P 

000111 CP Class III interrupt address for Store Status #1 

000112 CP Class III interrupt address for Store Status #2 

000113 CP Clgss III interrupt address for Store RTC Lower 

000114 CP Class III interrupt address for Load P 

000115 CP Class III interrupt address for Load Status #1 

000116 CP Class III interrupt address for Load Status #2 

000117 CP Class III interrupt address for Store RTC Upper 

000120 CP Class II interrupt address for Store P 

000121 CP Class II interrupt address for Store Status #1 

000122 CP Class II interrupt address for Store Status #2 

000123 CP Class II interrupt address for Store RTC Lower 

000124 CP Class II interrupt address for Load P 

000125 CP Class II interrupt address for Load Status #1 

000126 CP Class II interrupt address for Load Status #2 

000127 CP Class II interrupt address for Store RTC Upper 

000130 CP Class I interrupt address for Store P 

000131 CP Class I interrupt address for Store Status #1 

000132 CP Class I interrupt address for Store Status #2 

000133 CP Class I interrupt address for Store RTC Lower 

000134 CP Class I interrupt address for Load P 

000135 CP Class I interrupt address for Load Status #1 

000136 CP Class I interrupt address for Load Status #2 

000137 CP Class I interrupt address for Store RTC Upper 

000140 10 Command Cell Location 1 

000141 10 Command Cell Location 2 

000142 

■ Unassigned 

000177 

000200 Channel 0 El Interrupt Storage 






ADDRESS 


FUNCTION 


000201 

000202 

000203 

000204 

000205 

000206 

000207 

000210 

000211 

000212 

000213 

000214 

000215 

000216 

000217 

000220 

177777 


Channel 1 El Interrupt Storage 
Channel 2 El Interrupt Storage 
Channel 3 El Interrupt Storage 
Channel 4 El Interrupt Storage 
Channel 5 El Interrupt Storage 
Channel 6 El Interrupt Storage 
Channel 7 El Interrupt Storage 
Channel 10 El Interrupt Storage 
Channel 11 El Interrupt Storage 
Channel 12 El Interrupt Storage 
Channel 13 El Interrupt Storage 
Channel 14 El Interrupt Storage 
Channel 15 El Interrupt Storage 
Channel 16 El Interrupt Storage 
Channel 17 El Interrupt Storage 

| Unassigned 







APPENDIX E 


DEVICE DESCRIPTIONS 


This appendix contains descriptions of the logic devices used on the DPS 
logic and memory circuit cards. These descriptions are a valuable aid in 
understanding the logic schematic diagrams in Chapter 9 (Volume II) on 
which these logic devices appear in symbolic form. 


E-l 




GROUND PIN - 14 
VOLTAGE PIN -07 


PIN NAMES 


A+, A-, B+, B- 

Inputs 

EN A, EN B 

Enables 

VEE, S3 

-10 Volts Supply 

RES A, RES B 

Terminating Resistors 

ZA, ZB 

Outputs 

DESCRIPTION 

This integrated circuit contains two line receivers which are designed to discriminate a 
worst case logic swing of 2 volts from a ±10 volts common mode noise signal or ground 
shift. Each output is enabled by a high enable (ENA or ENB). The logic configuration 
is shown below. 


LOGIC CONFIGURATION 
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GROUND PIN - 08 
VOLTAGE PIN - 16 


PIN NAMES 




DA 

Trigger Input (Active High) 

CEXT, REXT 

External Timing 

DB 

Trigger Input (Active Low) 

Q 

Output 

CLR 

Master Reset (Active Low) 

Q 

Complementary Output 


DESCRIPTION The one-shot multivibrator provides an output pulse whose duration and accuracy 
depends on external timing components connected to CEXT and REXT. The 
multivibrator has two trigger inputs, one active high (DA), and one active low (DB). 
This allows leading edge or trailing edge triggering. When input conditions for triggering 
are met, a new cycle starts and the external capacitor is rapidly discharged and then 
allowed to charge. An input cycle time shorter than the output cycle time will retrigger 
the multivibrator and result in a continuous true output. A LOW level at the CLR 
input terminates the output pulse. 

TRIGGERING TRUTH TABLE 


DA 

DB 

CLR 

Operation 

L -> H 

H 

H 

Trigger 

L 

H -* L 

H 

Trigger 

X 

X 

L 

Reset 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 

H -*■ L = High to low voltage level transition 
L -*■ H = Low to high voltage level transition 

Figure E-2. Dual One-Shot Multivibrator (7903777) 


E-3 






GROUND PIN - 08 
VOLTAGE PIN - 16 


PIN NAMES 

EN Enable Inputs (Active Low) 


A1,A0 Inputs 

Z3, Z2, Z1, ZO Outputs (Active Low) 


DESCRIPTION This decoder consists of two independent one-of-four decoders, each with an active 
low enable. The two bit input code is translated into one-of-four mutually exclusive 
active low outputs. The active low enable must be present to permit any output to be 
low. 


TRUTH TABLE 



INPUTS 

OUTPUTS 

EN 

A1 

AO 

Z3 

Z2 

Z1 

ZO 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-3. Dual One-of-Four Decoder (7903779) 
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PIN NAMES 


SEL 

Common Select Input 

EN 

Enable Input (Active Low) 

(A, B, C, D,)’s 

Inputs 

Z’s 

Outputs 

DESCRIPTION 

When the enable is low, this device selects 1 of 2 bits of data from each of four sources 
Selection is determined by the condition of the SEL (select) input. 


TRUTH TABLE FOR ONE BIT 


EN 

SEL 

ZA 

H 

X 

L 

L 

L 

AO 

L 

H 

A1 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-4. Quad Two-Input Multiplexer (7903780) 
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PIN NAMES 
AO-A7 
EN IN 
ENOUT 
GS 

ZO, Zl, Z2 

DESCRIPTION 


TRUTH TABLE 


13 


12 


Priority Inputs (Active Low) 
Enable Input (Active Low) 

Enable Output (Active Low) 
Group Select Output (Active Low) 
Address Output (Active Low) 


11 


10 


P7 

P6 P5 p4 

P3 

P2 

PI 

PO 

El 

8 TO 3 
ENCODER 


PRT 


G5 


A2 

A1 

AO 




14 


GROUND PIN - 08 
VOLTAGE PIN - 16 


This integrated circuit accepts 8 active low inputs and produces a binary weighted 
output code of the highest priority input. A priority is assigned to each input such that 
when two or more inputs are active lows, the input with the highest priority is 

represented on the output. The order of priority is A7 first, A6 next,--AO last. 

The active low input and output enables provide the capability to expand a priority 
scheme to more inputs. This is accomplished by connecting the output enable of the 
highest priority network to the input enable of the next highest priority network. 


EN IN 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

GS 

Z2 

Zl 

ZO 

EN OUT 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

L 

H 

L 

X 

X 

X 

X 

X 
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L 
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L 

H 
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X 

X 

X 

X 
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L 

H 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

L 

X 

X 

X 

L 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

L 

X 

X 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

X 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-5. Eight-Input Priority Encoder (7903781) 
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3 



PIN NAMES 

PE Parallel Enable (Active Low) Input MR 

CEP Count Enable Parallel Input QO, Ql, Q2, Q3 

CET Count Enable Trickle Input TC 

CP Clock Pulse (Active High Going Edge) Input AO, Al, A2, A3 


Master Reset (Active Low) 
Parallel Outputs 
Terminal Count Outputs 
Parallel Inputs 


DESCRIPTION This integrated circuit contains a high speed binary counter. The clock pulse drives 
four two-stage flip-flops in parallel through a clock buffer. During the low to high 
transition of the clock, the first stage is inhibited from further change. After the first 
stage is locked out, data is transferred from the first stage to the second stage and 
reflected at the outputs. When the clock is high, the first stage is inhibited and the data 
path between the first and second stage remains open. During the high to low 
transition of the clock, the second stage is inhibited from further change, followed by 
the enabling of the first stage for the acceptance of data from the counting logic or the 
parallel entry logic. 

The three control inputs, PE, CEP, and CET select the mode of operation as shown in 
the table below. 


FUNCTION TABLE TRUTH TABLE 



LI = High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-6. High Speed Synchronous Four-Bit Binary Counter (7903782) 
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PIN NAMES 


SELO, 1 

Common Select Inputs 

(A, B,)’s 

Data Inputs 

Z’s 

Outputs 

Z’s 

Complementary Outputs 

DESCRIPTION 

This integrated circuit selects one of four bits of data from each of two different 
sources. It is normally used to select data bits from one of four registers. 


TRUTH TABLE 



SEL1 

SELO 

ZB 

ZB 

ZA 

ZA 

INPUT PINS 

ENABLED 

(00) 

L 

L 

B0 

B0 

A0 

A0 

4, 12 

(01) 

L 

H 

B1 

B1 

A1 

A1 

5, 11 

(10) 

H 

L 

B2 

B2 

A2 

A2 

6, 10 

(ID 

H 

H 

B3 

B3 

A3 

A3 

7,9 


H = High voltage level 
L = Low voltage level 


Figure E-7. Dual Four-Input Multiplexer (7903783) 
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4B 4A 
13 12 


4Y 3B 3A 
1110 9 


3Y 

8 


DESCRIPTION 


TRUTH TABLE 


(VCC) 14 


1 

■ 

II 

■ 


i 

| 



1 

1 

1 

5R 



SR 



1 

i 

I 

■ 


■ 



1 2 3 4 5 6 

1A IB 1Y 2A 2B 2Y 


Y = A + B 

Y M ' B 


This integrated circuit contains four two-input exclusive OR gates. With an exclusive 
OR gate, a high on either input produces a high on the output, but a high on both 
inputs does not produce a high on the output, and neither does a low on both inputs. 


INPUTS 

OUTPUT 

Y 

A 

B 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 


L = Low voltage level 
H = High voltage level 


Figure E-8. Quadruple, Two-Input Exclusive OR (7903784) 
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PIN NAMES 
D 


CLK 

MR 

S 


Q 

0 


Input 

Clock (leading positive edge) 
Master Reset (Active Low) 
Set (Active Low) 

Output 

Complementary Output 


GROUND PIN - 07 
VOLTAGE PIN - 14 


DESCRIPTION This integrated circuit contains two D type flip-flops with direct clear and set inputs 
________ - and both 0 and Q outputs. Information at the D input is transferred to the outputs on 

the positive edge of the clock pulse. The truth table shows the outputs for each input. 
The S and MR inputs are independent of the clock. A LOW on the S input sets Q to a 
HIGH. A LOW on the MR input sets Q to a low. A low on both inputs sets Q to a high 
and Q to a high. 


TRUTH TABLE 


INPUT 

OUTPUTS 

D 

Q 

Q 

L 

L 

H 

H 

H 

L 


H = High voltage level 
L = Low voltage level 


Figure E-9. Dual D Flip-Flop (7903785) 
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Y (LOW) = A B + C D+E F + G H 


DESCRIPTION 


This integrated circuit contains four two-input AND gates feeding an inverting OR 
gate. When any pair of inputs to the AND gates (A and B, or C and D, or E and F, or G 
and H) are high, the output of the OR gate (Y) is low. 


Figure E-10. Four-Wide, Two-Input AND-OR Inverter (7903786) 








DESCRIPTION 


2D 2C 2B 2A 2Y 

14 13 12 11 10 9 8 



Y (LOW) = A • B C D 


This integrated circuit contains two four-input positive NAND gates. The NAND gate 
produces a low output (Y) when all four inputs (A, B, C, and D) are high. 


Figure E-ll. Buffer, Dual Four-Input Positive NAND (7903787) 
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1 2 3 4 5 6 7 

1A 2A 2B 20 2D 2Y 


Y (LOW) = A • B + C • D 


DESCRIPTION This integrated circuit contains two two-input inverting OR gates. The inputs to each 
inverting OR gate are two two-input AND gates. The inverting OR gate output (Y) is 
low when both inputs (A and B or C and D) to either AND gate are high. The output is 
also low when all four inputs to the AND gates are high. 


Figure E-12. Dual Two-Wide, Two-Input AND-OR Inverter (7903788) 
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DESCRIPTION 


1 2 3 4 5 6 

ABODE F 7 



Y (LOW) = A B C D E F G H 


This integrated circuit contains a positive eight input NAND gate. The output (Y) is 
low only when all eight inputs (A, B, C, D, E, F, G, and H) are high. 


Figure E-13. Single Eight-Input Positive NAND (7903789) 
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DESCRIPTION 


2D 2C 2B 2A 2Y 

14 13 12 11 10 9 8 



1A IB 1C ID 1Y 

Y (LOW) = A • B • C • D 


This integrated circuit contains two four-input positive NAND gates. The output of the 
NAND gate (Y) is low when all four inputs (A, B, C, and D) are high. 


Figure E-14. Dual Four-Input NAND (7903790) 
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14 


DESCRIPTION 


6A 6Y 5A 5Y 4A 4Y 

13 12 11 10 9 8 



This integrated circuit contains six one-input inverting gates. The output (Y) is low 
when the input (A) is high. The output is high when the input is low. 


Figure E-15. Inverter Gate, Hex, One-Input (7903791) 
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DESCRIPTION 


TRUTH TABLE 


3> 

\ 3[ 

5 5 

3 3 

1 

Y 4 

3 1 

A 4B 4Y 

12 13 1 

4 

GND 


t> 


VC 

-1 

_ L rv 

;c 






Pi 









7 6 5 4 3 2 1 

2B 2A 2Y IB 1A 1Y 

Y (LOW) = A + B 


This integrated circuit contains four two-input positive NOR gates. The output (Y) is 
low when either or both inputs (A and B) are high. 


A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 


L = Low voltage level 
H = High voltage level 


Figure E-16. Quadruple Two-Input Positive NOR (7903792) 
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DESCRIPTION 




Figure E-17. 


3A 3B 3Y 4A 4B 4Y 

8 9 10 11 12 13 








_J 


GND 

- 






:c 


ISl 


m 








7 6 5 4 3 2 1 

2B 2A 2Y IB 1A 1Y 

Y (LOW) = A • B 


This integrated circuit contains four two-input positive NAND gates. The output (Y) is 
low when both inputs (A and B) are high. 


Quadruple Two-Input NAND Gate with Open Collector Output (7903793) 
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DESCRIPTION 


4B 4A 4Y 3B 3A 3Y 

14 13 12 11 10 9 8 










vcc 

_ 

— 

>- 



T~V 




I>1 


po-i 

GND 










1 2 3 4 5 6 7 

1A IB 1Y 2A 2B 2Y 


Y (LOW) = A ■ B 


This integrated circuit contains four two-input positive NAND gates. The output (Y) is 
low when both inputs (A and B) are high. 


Figure E-18. Quadruple Two-Input Positive NAND (7903794) 


E 19 




DESCRIPTION 


4B 4A 4Y 3B 3A 3Y 

14 13 12 11 10 9 8 



1A IB 1Y 2A 2B 2Y 

Y (LOW) = A ■ B 


This integrated circuit contains four two-input positive NAND gates. The outout (Y) is 
low when both inputs (A and B) are high. 


Figure E-19. Quadruple Two-Input Positive NAND Buffer (7903795) 
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PIN NAMES 
A3, A2, Al, AO 
B3, B2,B1, BO 
SEL 0 - SEL 3 
CR IN 
MODE 

Z3, Z2, Zl, ZO 
CR 
CR G 
CR P 
A = B 

DESCRIPTION 



Word A Inputs 
Word B Inputs 
Function Selection Inputs 
Carry Input 

Mode Control Input (Active Low) 
Function Outputs 
Ripple Carry Output 
Carry Generate Output (Active Low) 
Carry Propagate Output (Active Low) 
Word A Equals Word B 


Ihis integrated circuit is a 4-bit high-speed arithmetic logic unit capable of performing 
16 different arithmetic operations and 16 different logical operations depending on the 
condition of the function selection inputs and the mode control inputs. The table 
shows the possible operations for the adder using active low inputs. 

Larger (greater than 4-bit) adders can be built by cascading the less significant CR 
outputs to the more significant CR IN inputs. By using the CR G and CR P outputs in 
conjunction with the Carry Lookahead Device propagation time of the ripple carry is 
reduced. 

A = B output goes high when outputs Z0-Z3 are high. 

Figure E-20. Four-Bit Arithmetic Logic Unit (Adder) (7903799) 
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MODE SELECTION FOR ACTIVE LOW INPUT DATA 


SELECTION 

s s s s 

E E E E 

L L L L 

3 2 10 

MODE=H 

LOGIC MODE 

MODE=L ARITHMETIC MODE 

CR IN = L 

(No Carry) 

CR IN = H 

(With Carry) 

L 

L 

L 

L 

F=A 

F=A MINUS 1 

F=A 

L 

L 

L 

H 

F=AB 

F=AB MINUS 1 

F=AB 

L 

L 

H 

L 

F=A+B 

F=AB MINUS 1 

F=AB 

L 

L 

H 

H 

F=1 

F=MINUS 1 (2’s comp) 

F=ZERO 

L 

H 

L 

L 

F=A+B 

F=A PLUS (A+B) 

F=A PLUS (A+B) PLUS 1 

L 

H 

L 

H 

F=B 

F=AB PLUS (A+B) 

F=AB PLUS (A+B) PLUS 1 

L 

H 

H 

L 

F=A©B 

F=A MINUS B MINUS 1 

F=A MINUS B 

L 

H 

H 

H 

F=A+B 

F=A+B 

F=(A+B) PLUS 1 

H 

L 

L 

L 

F=AB 

F=A PLUS (A+B) 

F=A PLUS (A+B) PLUS 1 

H 

L 

L 

H 

F=A©B 

F=A PLUS B 

F=A PLUS B PLUS 1 

H 

L 

H 

L 

F=B 

F=AB PLUS (A+B) 

F=AB PLUS (A+B) PLUS 1 

H 

L 

H 

H 

F=A+B 

F=A+B 

F=(A+B) PLUS 1 

H 

H 

L 

L 

F=0 

F=A PLUS A 

F=A PLUS A PLUS 1 

H 

H 

L 

H 

F=AB 

F=AB PLUS A 

F=AB PLUS A PLUS 1 

H 

H 

H 

L 

F=AB 

F=AB PLUS A 

F=AB PLUS A PLUS 1 

H 

H 

H 

H 

F=A 

F=A 

F=A PLUS 1 


L = Low voltage level 
H = High voltage level 


Figure E-20. Four-Bit Arithmetic Logic Unit (Adder) (7903799) (Cont) 
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PIN NAMES 
CR IN 
CGO - CG3 
CPO - CP3 
CO, C1,C2 
CR G 
CR P 

DESCRIPTION 


13 


6 

14 

15 

1 

2 

3 

4 

i _ i 

1 _ 

i - i 

1 - i 

- 1 

_ i 

l_ t 


CG4 

CP4 CG3 

CP3 CG2 CP2 CGI 

CPI 

CiN 

CARRY 

LOOK¬ 

CLA 

CG 


AHEAD 


CP 


C30 

C20 CIO 



E 

J 

11 

12 


10 


GROUND PIN - 08 
VOLTAGE PIN - 16 


Carry Input 

Carry Generate Inputs (Active Low) 
Carry Propagate Inputs (Active Low) 
Carry Outputs 

Carry Generate Output (Active Low) 
Carry Propagate Output (Active Low) 


This integrated circuit is a high-speed lookahead carry generator. It is used with the 
4-bit arithmetic logic unit to provide high-speed lookahead over word length of more 
than four bits. The lookahead carry generator accepts up to four pairs of Carry 
Propagate and Carry Generate signals and a Carry Input signal and provides anticipated 
carries (CO, Cl, C2) across four groups of binary adders. The Carry Propagate and 
Carry Generate outputs are used for further levels of lookahead. 


Figure E-21. Carry Lookahead Unit (7903800) 
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TRUTH TABLE 


INPUTS 

OUTPUTS 


C 

C 

C 

c 

C 

C 

C 

c 




C 

C 

CR 

G 

P 

G 

p 

G 

P 

G 

P 

C 

C 

C 

R 

R 

IN 

0 

0 

1 

1 

2 

2 

3 

3 

0 

1 

2 

G 

P 

X 

H 

H 







H 





L 

H 

X 







L 





X 

L 

X 







H 





H 

X 

L 







H 





X 

X 

X 

H 

H 






L 




X 

H 

H 

H 

X 






L 




L 

H 

X 

H 

X 






L 




X 

X 

X 

L 

X 






H 




X 

L 

X 

X 

L 






H 




H 

X 

L 

X 

L 






H 




X 

X 

X 

X 

X 

H 

H 





L 



X 

X 

X 

H 

H 

H 

X 





L 



X 

H 

H 

H 

X 

H 

X 





L 



L 

H 

X 

H 

X 

H 

X 





L 



X 

X 

X 

X 

X 

L 

X 





H 



X 

X 

X 

L 

X 

X 

L 





H 



X 

L 

X 

X 

L 

X 

L 





H 



H 

X 

L 

X 

L 

X 

L 





H 




X 


X 

X 

X 

X 

H 

H 




H 



X 


X 

X 

H 

H 

H 

X 




H 



X 


H 

H 

H 

X 

H 

X 




H 



H 


H 

X 

H 

X 

H 

X 




H 



X 


X 

X 

X 

X 

L 

X 




L 



X 


X 

X 

L 

X 

X 

L 




L 



X 


L 

X 

X 

L 

X 

L 




L 



L 


X 

L 

X 

L 

X 

L 




L 




H 


X 


X 


X 





H 



X 


H 


X 


X 





H 



X 


X 


H 


X 





H 



X 


X 


X 


H 





H 



L 


L 


L 


L 





L 


L = Low voltage level 
H = High voltage level 
X = Irrelevant 

Figure E-21. Carry Lookahead Unit (7903800) (Cont) 
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VOLTAGE PIN - 16 


D3 — DO Parallel Data Inputs 

S3 — SO Set Inputs (Active Low) 

CLR Master Reset (Active Low) 

Q3 — QO Parallel Outputs 


DESCRIPTION This integrated circuit is a 4-bit latch which can be used in applications where D type 
latches or set/reset latches are required. 

When the common enable goes high, data present in the latches is stored and the state 
of the latches is no longer affected by the S and D inputs. The master reset when 
activated overrides all other input conditions forcing all latch outputs low. 

Each of the four latches can be operated either as an active low set/reset latch with 
reset override or, with S low, as a D type storage latch. 


TRUTH TABLE 


H = High voltage level 

L = Low voltage level 

X = Irrelevant 

QN-1 = Previous output state 

QN = Present output state 


Figure E-22. Four-Bit Latch (7903801) 



F-25 






GROUND PIN - 08 
VOLTAGE PIN - 16 


PIN NAMES 
SEL 3 — SELO 
A3 - AO 
MEM EN 
WREN 
Q3 - QO 


Address Inputs 
Data Inputs 

Enable Selection (Active Low) 
Enable Writing of Data (Active Low) 
Outputs (Active Low) 


DESCRIPTION This integrated circuit is a high-speed 64-bit read/write random access memory 
organized into 16 words of 4 bits. 

When the WR EN is low, the data from the four A inputs is written into the memory 
location specified by the address formed by “SEL 3 — SEL 0.” 

When the MEM EN is low, the data from the memory location specified by the address 
(SEL 3 — SEL 0) is read and gated to the outputs. 


Figure E-23. 64-Bit Memory Cell (7903802) 
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PIN NAMES 


A7 - AO 

Inputs 

SEL 0,1,2 

Select Inputs 

EN 

Enable Input (Active Low) 

Z15 

Output 

Z14 

Complementary Output 

DESCRIPTION 

When the enable is low, this integrated circuit selects one bit of data from up to eight 
sources as determined by SEL inputs. 


TRUTH TABLE 



EN 

2 

SEL 

1 

0 

Z15 

Z14 


H 

X 

X 

X 

L 

H 

(000) 

L 

L 

L 

L 

A0 

A0 

tOOl) 

L 

L 

L 

H 

A1 

A1 

(010) 

L 

L 

H 

L 

A2 

A2 

1011) 

L 

L 

H 

H 

A3 

A3 

(100) 

L 

H 

L 

L 

A4 

A4 

(101) 

L 

H 

L 

H 

A5 

A5 

(110) 

L 

H 

H 

L 

A6 

A6 

(111) 

L 

H 

H 

H 

A7 

A7 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 

Figure E-24. Eight-Input Multiplexer (7903803) 
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PIN NAMES 

All — AO Parity Inputs 

P ODD Odd Parity Output 

P EVEN Even Parity Output 


DESCRIPTION This device is a 12-bit parity checker/generator generating odd and even parity outputs. 

The even parity output will be high if an even number of inputs are high. The odd 
parity output will be high if an odd number of inputs are high. 


Figure E-25. Parity Checker-Generator, SGL Twelve-Input (7903908) 
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CO 



A3 — AO Inputs ground pin - os 

VOLTAGE PIN - 16 

W1, WO Write Address Inputs 


WE Write Enable (Active Low) 

R1, RO Read Address Inputs 

RE Read Enable (Active Low) 

Q3 — QO Outputs 


DESCRIPTION This integrated circuit contains 16 flip-flops used to hold four-bit words. The write 
_____ __ address inputs (W1, WO) select the word location to store the data inputs (A3-A0). The 

data is gated to the selected location when the write enable (WE) is low. The read 
address inputs (Rl, RO) select the word location to place on the data outputs (Q3-Q0). 
Data is gated to the outputs when the read enable (RE) is low. 


TRUTH TABLES 


WRITE FUNCTION 


READ FUNCTION 


Inputs 

. .- .. 

Word Selected 

W1 

WO 

WE 


L 

L 

L 

Word 0 

L 

H 

L 

Word 1 

H 

L 

L 

Word 2 

H 

H 

L 

Word 3 

X 

X 

H 

No change 


Inputs 

Outputs 

Rl 

RO 

RE 

Q3 

Q2 

Q1 

QO 

L 

L 

L 


Word 

0 


L 

H 

L 


Word 

1 


H 

L 

L 


Word 

2 


H 

H 

L 


Word 

3 


X 

X 

H 

H 

H 

H 

H 


H - High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-26. 4X4 Register File (7904135) 
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PIN NAMES 

A3 - AO 
AL 
AR 
CLK 


Parallel Data Inputs 
Shift Left Serial Input 
Shift Right Serial Input 
Clock Input (Active Low) 


SO, SI 
CLR 

Q3 - QO 


Mode Selection Inputs 
Master Reset Input (Active Low) 
Parallel Data Outputs 


DESCRIPTION This integrated circuit is a 4-bit shift register with four modes of operation; parallel 

— load, shift left, shift right, and hold. The mode of operation is determined by the mode 

selection inputs (SO, SI) as shown in the truth table. Data is loaded or shifted by the 
negative going edge of the clock pulse. For a left shift operation, data is shifted in the 
direction of Q3 toward QO with the contents of QO shifted off and the serial input 
(AL) loaded into Q3. For a right shift operation, data is shifted in the direction of QO 
toward Q3 with the contents of Q3 shifted off and the serial input (AR) loaded into 
QO. 


The master reset (active low) forces all outputs low. 
MODE SELECTION 


CLR 

Inputs 

SI 

SO 

Mode 

H 

H 

H 

Parallel Load 

H 

L 

H 

Shift Right (in direction QO toward Q3) 

H 

H 

L 

Shift Left (in direction Q3 toward QO) 

H 

L 

L 

Hold (inhibit clock) 

L 

X 

X 

Reset 


L = Low voltage level 
H = High voltage level 
X = Irrelevant 

Figure E-27. Shift Register (7904136) 
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DESCRIPTION 



Reference Figure E-6 (7903782). 


Figure E-28. Four-Bit Binary Counter (7904137) 


E-31 





CD 

ID 


00 

CD 

O 

- 

CN 

00 


B4 B3 B 

EN 

2 B1 BO A4 A3 A2 A1 AO 

G°M pTR CMp 

(5) 

A >B A=B A<B 

ID 


CN 



PIN NAMES 

GROUND PIN - 08 

VOLTAGE PIN - 16 

A4 - AO 

Word A Parallel Inputs 

B4 - BO 

Word B Parallel Inputs 

EN 

Enable Input (Active Low) 

A > B 

A Greater than B Output 

A < B 

A Less Than B Output 

A=B 

A Equal to B Output 

DESCRIPTION 

This circuit compares two 5-bit words and provides three outputs, “less than,” “greater 
than,” and “equal to.” The A4 and B4 inputs are the most significant inputs and AO, 
BO are the least significant. All three outputs are activated by a low enable input (EN). 
Connecting the A > B output from one device into an A input on another device and 
the A < B output into the corresponding B input permits easy expansion. 


TRUTH TABLE 


EN 

Word A 


Word 

B 

A>B 

A < B 

A=B 

H 

X 


X 


L 

L 

L 

L 

Word A 

> 

Word 

B 

H 

L 

L 

L 

Word A 

< 

Word 

B 

L 

H 

L 

L 

Word A 

= 

Word 

B 

L 

L 

H 


H = High voltage level 
L = Low voltage level 
X = Irrelevant 


Figure E-29. Five-Bit Comparator (7904164) 
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GROUND PINS - 19, 20, 
21,22 

VOLTAGE PINS - 1,40 


DESCRIPTION This integrated circuit provides the control flip-flops (active, monitor, force, and 
one-shot) and associated circuits for control of one input/output channel. See 
accompanying schematic drawing, Figure E-31. 


Figure E-30. Dual Input/Output Control Circuit (7904199) 


E-33/(E-34 blank) 







E-35/(3-36 blar 


DESCRIPTION 


1C 1Y 3C 3B 3A 3Y 



1A IB 2A 2B 2C 2Y 

Y (LOW) = A ■ B ■ C 


This integrated circuit contains three three-input positive NAND gates. The output (Y) 
is low when all three inputs (A, B, and C) are high. 


Figure E-32. Triple Three-Input Positive NAND (7904221) 


E-37 


INPUT INPUT INHIBIT OUTPUT INPUT INHIBIT 

A1 A2 A a C C GND 

1 2 3 4 5 6 7 



DESCRIPTION This integrated circuit contains three line driver circuits. Two of the circuits (A and B) 
contain a line driver whose input is a two-input OR gate. One input to the OR gate is a 
two-input AND gate, the other input is a straight input. The third line driver circuit (C) 
consists of a line driver whose input is a two-input OR gate. One input of the OR gate 
is a one-input AND gate, and the other input is a straight input. The output conditions 
can be seen in the two truth tables. 

The line driver circuit converts TTL/DTL logic levels to EIA/CCITT levels for 
transmission between data terminal equipment and data communication equipment. 


TRUTH TABLE FOR 
CIRCUITS A AND B 


INPUT 

1 2 

INHIBIT 

OUTPUT 

L L 

L 

H 

L L 

H 

L 

L H 

L 

H 

L H 

H 

L 

H L 

L 

H 

H L 

H 

L 

H H 

L 

L 

H H 

H 

L 


TRUTH TABLE 
FOR CIRCUIT C 


INPUT 

INHIBIT 

OUTPUT 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 


H = High voltage level 
L = Low voltage level 

Figure E-33. Triple Line Driver (7904224) 
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DESCRIPTION This unit performs magnitude comparison of straight binary and straight binary coded 
decimal (BCD) codes. Three fully decoded decisions about two 4-bit words (A, B) are 
made and are externally available at three outputs. 


TRUTH TABLE 


COMPARING INPUTS 

CASCADING INPUTS 

OUTPUTS 

A3.B3 

A2,B2 

A1 ,B1 

AO,BO 

A>B 

A<B 

A=B 

A>B 

A<B 

A-B 

A3>B3 

X 

X 

X 

X 

X 

X 

H 

L 

L 

A3<B3 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A3 

=B3 

A2>B2 

X 

X 

X 

X 

X 

H 

L 

L 

A3 

= B3 

A2<B2 

X 

X 

X 

X 

X 

L 

H 

L 

A5 

=B3 

A2=B2 

A1>B1 

X 

X 

X 

X 

H 

L 

L 

A3 

= B3 

A2=B2 

A1<B1 

X 

X 

X 

X 

L 

H 

L 

A3 

=B3 

A2=B2 

A1=B1 

A0>B0 

X 

X 

X 

H 

L 

L 

A3 

=B3 

A2=B 2 

A1=B1 

A(XB0 

X 

X 

X 

L 

H 

L 

A3 

=B3 

A2=B2 

A1 =B1 

A0=B0 

H 

L 

L 

H 

L 

L 

A3 

=B3 

A2 = B2 

A1=B1 

A0=B0 

L 

H 

L 

L 

H 

L 

A3 

=B3 

A2 = B2 

A1 =B1 

A0 = B0 

L 

L 

H 

L 

L 

H 


H = High voltage level 
° L = Low voltage level 
X = Irrelevant 

Figure E-34. Comparator, Four-Bit Magnitude (7904225) 
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7 6 5 4 3 2 1 

GND CCA AAA 

HYST OUTPUT INPUT RESP HYST OUTPUT 


DESCRIPTION This integrated circuit is a triple line receiver circuit. It receives EIA/CCITT signals and 
converts them to TTL logic levels. The input voltage can be between +25 volts and -25 
volts. Each of the three receivers can operate in either hysteresis or non-hysterisis 
mode, and provides fail-safe operation. 


Figure E-35. Triple Line Receiver (7904226) 
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DESCRIPTION This integrated circuit contains an eight-bit addressable latch. It has four modes of 
operation. In the addressable latch mode, data on the data line (D) is written into the 
addressable latch. The addressable latch will follow the data input with all 
non-addressed latches remaining in their previous states. In the memory mode, all 
latches remain in their previous states and are unaffected by the data or address inputs. 
In the one-of-eight decoding or demultiplexing input mode, the addressed output will 
follow the state of the D input with all other outputs in the low state. In the clear 
mode, all outputs are low and unaffected by the address and data inputs. The selection 
of the four modes is shown in the Mode Selection table. 


MODE SELECTION 


E 

C 

MODE 

L 

H 

Addressable Latch 

H 

H 

Memory 

L 

L 

Active HIGH Eight-Channel Demultiplexer 

H 

L 

Clear 


Figure E-36. Eight-Bit Addressable Latch (7904227) 
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TRUTH TABLE 


tn 


PRESENT OUTPUT STATES 

C 
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D 

Ao 
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A 2 

Qo 

q i 

q 2 

Qs 

q 4 

q 5 

q 6 

q 7 
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L 
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X 

X 

L 

L 

L 

L 

L 

L 

L 

L 
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L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 
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L 

L 
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H 
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L 
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L 
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X = Irrelevant 
L = Low Voltage Level 
H = High Voltage Level 
Qlsf-1 = Previous Output State 

Figure E-36. Eight-Bit Addressable Latch (7904227) (Cont) 
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GROUND PIN - 08 
VOLTAGE PIN - 16 


PIN NAMES 


DI 

WE 


AO - A7 
CS1 — CS3 
DO 


Data Input 
Write Enable 
Address Input 
Memory Enable 
Data Output 


DESCRIPTION This device is a Read/Write memory with 256 addressable bits. The chip (memory) is 
enabled when all memory enable inputs are low. The read and write operations are 
controlled by the write enable when the chip is enabled. When the WR EN is law, the 
DI is written into the bit location addressed by inputs AO through A7. When the WR 
EN is high, the bit location addressed by AO through A7 is read out and placed on the 
output (DO) as the complement of the data written into memory. 


Figure E-37. 256-Bit Random Access Memory (7904274) 
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ASYNCHRONOUS OPERATION 

The terminal transmitter maintains an output con¬ 
dition of continuous Mark bits (logic “1” or high 
level) in between the transmission of characters. 
The reset signal forces the transmitter into this 
mode of operation for a minimum of one character 
time. This state (continuous “marks” being applied 
to the output line) may be termed the “idling 
condition.” 

Data is presented to the buffer storage register by 
means of the data inputs from the system of which 
the terminal transmitter is a part. This data is in 
the form of a character with a bit length between 5 
and 8 bits. The character bit length (excluding con¬ 
trol bits such as Start and Stop bits) is defined by 
the Word Length Selector input. Parity is included 
in the total number of bits making up the word 
length if it is being utilized in transmission. The 
input data (when stable) is strobed into the buffer 
register by means of the Load Strobe. The Buffer 
Empty output line indicates that new data is in the 
buff er and that the system can apply a low level to 
the System Ready line. This low level signal en¬ 
ables the transfer timing logic, which clears all 
functional blocks except the buffer storage regis¬ 
ter, and then automatically causes a transfer of the 
buffer data into the shift register. 

Figure E-38. P-Channel MOS 


The new character Gust transferred into the shift 
register) is automatically preceded by a Start bit (a 
space or logic “0”) and serially transmitted to the 
modem as an NRZ waveform at the programmed 
bit rate. The internal timing counter keeps track of 
the character position in the shift register, provides 
timing control to the sequence control logic for 
insertion of parity (if internal parity is selected) 
into the last bit position of the character, and adds 
the Stop bit or bits. The number of Stop bits being 
added is determined by the 2nd Stop Bit Selector 
line which specifies one or two Stop bits. The 
transmission of the character and control bits 
(Start and Stop bits) is now complete, and the 
sequence control logic either returns the trans¬ 
mitter to the “idling condition” and places Marks 
on the output line or begins a new cycle. The new 
cycle automatically begins if a new character has 
been strobed into the buffer storage register (Buf¬ 
fer Empty output is low) and a low level is applied 
to the System Ready line. 

The bit rate of the transmitted data is determined 
by the input frequency of the clock at the oscil¬ 
lator input and by the divide ratio of the counter 
in the internal clock generator. Three counter 
ratios are available: -H, -H6 and -F64. These pro¬ 
vide compatibility with the oscillator required for 
the terminal receiver. The chip reset is achieved 

Terminal Transmitter (7904275) 
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when both the 4-16 Enable and the 4-64 Enable are 
high. The reset function will clear the internal 
counters and shift register to prevent extraneous 
data from being placed upon the output line. 

SYNCHRONOUS OPERATION 

Data is presented to the buffer storage register by 
means of the data inputs from the system of which 
the terminal transmitter is a part. This data is in 
the form of a character with a bit length between 5 
and 8 bits. The character bit length (including 
parity if applicable) is defined by the Word Length 
Selector input. The input data is strobed into the 
buffer register by means of the Load Strobe and 
the Buffer Empty output line then indicates that 
new data is in the buffer. When the last bit of the 
previous character is placed on the output line, the 
transfer timing logic clears all functional blocks 
except the buffer storage register and then auto¬ 
matically causes a transfer of the buffer data into 
the shift register. The new character (just trans¬ 
ferred into the shift register) is serially transmitted 
to the modem as an NRZ waveform at the pro¬ 
grammed bit rate. The internal timing counter 
keeps track of the character position in the shift 
register and provides timing control to the 
sequence control logic for insertion of parity (if 
internal parity is selected) into the last bit position 
of the character. The last bit of the character is 
now present at the output and sequence control 
logic will initiate a new cycle automatically. The 
new cycle results in the transmission of the next 
character if a new character has been strobed into 
the buffer storage register (Buffer Empty output is 
low) or a character length of all Marks if no new 
character has been stored. Thus, character sync is 
maintained even though an interruption appears in 
the data stream. 

The bit rate of the transmitted data is determined 
by the input frequency of the clock at the oscil¬ 
lator input and by the divide ratio of the counter 
in the internal clock generator. Three counter 
ratios are available: 4-1, 4-16 and 4-64. These pro¬ 
vide compatibility with the oscillator required for 
the terminal receiver. The chip reset is achieved 
wheh both the 4-16 Enable and the 4-64 Enable are 
high. The reset function will clear the internal 
counters and shift register to prevent extraneous 


data from being placed upon the output line. 

INPUTS 

Data Inputs — Characters of differing bit lengths 
(from 5 to 8 bits including parity bit, if desired) 
may be entered in parallel in right justified bit posi¬ 
tions by means of the eight Data Inputs. The data 
is strobed into a set of buffer latches where it is 
stored until transmitted. Unused Data Inputs must 
be maintained in the high state. (There is no inver¬ 
sion of the data within the circuit; therefore a high 
input will he transmitted as a high output.) 

Load Strobe — A high level on the Load Strobe 
transfers the input character on the Data Inputs 
into the Storage Buffer latches and resets the 
Buffer Empty latch. 

Internal Parity — A high level applied to the Inter¬ 
nal Parity input causes the transmitter Parity Gen¬ 
erator to replace the trailing bit of a character of 
any selected word length with an internally gener¬ 
ated parity bit, A low level causes the trailing bit to 
be transmitted as loaded from the inputs. 

Even Parity — When a high level is applied to both 
the Internal Parity and the Even Parity inputs, the 
Parity Generator places the proper bit value in the 
trailing bit position of a character to insure that 
the total number of high levels is even. Odd parity 
is formed by using a low level on the Even Parity 
input. 

2nd Stop Bit Select — A high level on the Stop Bit 
Select input causes two STOP bits to be trans¬ 
mitted in the asynchronous mode. A low level will 
cause one STOP bit to be transmitted. This func¬ 
tion is disabled in the synchronous mode. 

tion of START and STOP bits, and causes MARK 
bits to appear on the output terminal between the 
transmission of characters. A low level on this line 
shortens the word length by the two or three con¬ 
trol bits (START, STOP) and allows for automatic 
recycling to either transmit the next character or a 
character length of MARK bits. 

System Ready — This input allows control of the 
device by the external system. A low level releases 


Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont) 



Asynchronous Mode — A high level on the Asyn¬ 
chronous Mode input enables the device for opera¬ 
tion in the asynchronous mode, causes the genera- 
the transmitter for the next transmission cycle. 
This signal is normally applied after the Buffer 
Register has been loaded (Buffer Empty output is 
low). The low level should be maintained until the 
next cycle is initiated (the Buffer Empty output 
goes high), then made high until the next Data 
Strobe. 

External Clock — This is the oscillator input that 
controls the transmission rate of the Terminal 
Transmitter. 


-r 16 and -E64 Counter Enables - These two Enable 
inputs provide compatibility with the oscillator fre¬ 
quency being utilized for the Terminal Receiver, 
according to the following table: 


-M6 

+ 64 

OSCILLATOR FREQUENCY AT 
THE EXTERNAL CLOCK INPUT 

0 

0 

= Bit Rate 

1 

0 

= 16 x Bit Rate 

0 

1 

= 64 x Bit Rate 

1 

1 

Master Reset 


Word Length Selector — Two inputs (X, Y) define 
the character bit length. The following truth table 
defines the character length for each input combi¬ 
nation. (Unused Data Inputs must be maintained in 
the high state. This may be accomplished by 
leaving the unused inputs open.) 


X 

Y 

WORD LENGTH 

1 

1 

8 bits 

0 

1 

7 bits 

1 

0 

6 bits 

0 

0 

5 bits 


OUTPUTS 

Data Output — This output transmits data in serial 
fashion with START and STOP bits (if applicable). 
The START bit is a SPACE (low level), the data is 
transmitted in positive logic, and the STOP bit or 
bits are MARK (high level). 

Buffer Empty — A high level on the Buffer Empty 
output indicates that the data previously stored in 
the Buffer Storage latches has been transferred into 
the Shift Register and the latches are available for 
new data. The Load Strobe input automatically 
resets this output during the load cycle. 


Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont) 


E-46 




E-47 


WORD 

LENGTH 

SELECTOR 

X Y 


2nd STOP BIT 
SELECT 


INTERNAL EVEN 
PARITY PARITY 


ASYNCHRONOUS 

MODE 



B8 


B7 


B6 B5 


B4 


B3 B2 


B1 


8 DATA INPUTS 


DATA 

OUT 

SYSTEM 

READY 

BUFFER 

EMPTY 


Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont) 





DESCRIPTION 


ASYNCHRONOUS OPERATION 

The function of the terminal receiver is to respond 
to input data and synchronize with that data. The 
normal state of the data line during the time when 
no character is being transmitted is the Mark state. 
The initial change in state of this line occurs upon 
receipt of the Start bit. This “Mark-to-Space” 
transition (of the Start bit) causes the internal 
clock generator to be initialized for synchroniza¬ 
tion of the internal clock with the data. The data 
line is continuously monitored until the internal 
clock signal is generated at the midpoint of the 
Start bit period. This assures the presence of a valid 
Start bit. The synchronizing logic is then disabled 
until the complete character (following the Start 
bit) is received. If the data line returns to the Mark 
state (as in the case of noise) during the monitoring 
period, the bit is ignored and the terminal receiver 
resumes looking for a valid Start bit. 

After the Start bit has been detected and the 
synchronization accomplished, data is shifted 
through the shift register and the Start bit appears 
in the Start bit flip-flop (the last stage of the shift 
register). The complete character is now stored in 
the shift register and the receiver automatically 
generates a transfer command to load the character 
in the buffer storage register. At the same time, the 
state of the Stop bit flip-flop is monitored to verify 


the presence of a Stop bit. Its absence results in an 
error output called Break being stored in the 
receiver status register. 

As the character shifts through the shift register, 
parity for the character is accumulated. The result¬ 
ing parity bit condition is compared with correct 
parity (odd or even) and, in the case of error, 
Parity Error is stored in receiver status register. 

When the character is transferred to the buffer 
storage register, a Buffer Full signal is stored in the 
receiver status register. If the transfer occurs during 
a full buffer condition, the old character is lost and 
an error signal called Overrun is stored in the 
receiver status register. The receiver status informa¬ 
tion is retained throughout the character time until 
a new character is received and the new status is 
stored. 

The access of data in the buffer storage register by 
means of the Data Strobe resets the buffer status 
output, indicating that the last character stored in 
the buffer storage register has been taken by the 
system. 

The internal clock generator divides the bit time 
for each data bit into 16 or 24 segments, depend¬ 
ing upon the externally' selected ratio. A single 
cycle of the oscillator input signal is gated out of 


Figure E-39. P-Channel MOS Terminal Receiver (7904276) 


E-48 




the clock generator at the center of a bit. This times are averaged; therefore, signal noise pulses or 

pulse is the internal clock signal which samples the other data aberrations do not cause the receiver to 

data and provides the internal timing for the entire completely lose bit synchronization. This feature is 

terminal receiver. The clock generator and particularly important in synchronous transmission 

synchronization circuitry can be bypassed by a low because of the problem of maintaining character 

level on both the f 16 Enable and the -f 64 Enable. synchronization and the necessity of re-establishing 

In this case, the oscillator input signal becomes the character synchronization whenever bit synchroni- 

internal clock. zation is lost. 


A master reset is provided by means of these same 
two clock enable lines. When both the 4 -16 Enable 
and the f 64 Enable are at a high level, the chip is 
held in a master reset condition. 

SYNCHRONOUS OPERATION 

Synchronous data transmission has several charac¬ 
teristics which require special consideration in the 
synchronization of incoming data with the 
receiving system. Synchronous data appears as a 
continuous bit stream with no interval between 
characters and no control bits (Start and Stop 
bits). Therefore, synchronization must be accom¬ 
plished by means of the regular characteristics of 
the data itself. Two degrees of synchronization are 
required in order to receive a valid message. These 
are bit synchronization (which synchronizes the 
internal clock of the receiving system to the data 
bits) and character synchronization (which estab¬ 
lishes a character reference by means of sync codes 
and utilizes the fixed bit length of the characters to 
maintain character synchronization). 

The technique of bit synchronization provided in 
the terminal receiver for the synchronous mode of 
operation utilizes each “Mark-to-Space” transition 
of the data. The data transition causes an incre¬ 
mental correction of the internal clock timing of 
1/32 or 1/128 of the bit time (depending upon the 
counter ratio selected, 4-16 or —64). The process 
of incrementing the clock with respect to the data 
continues with each Mark-to-Space transition of 
the data until the clock signal occurs at the mid¬ 
point of the data bit. The synchronization logic 
continuously attempts to correct the phase error 
between the midpoint of the data bit and the inter¬ 
nal clock. This results in the internal clock main¬ 
taining lock within 0.8% of the reference (4-64 
clock model). The advantage of this technique is 
that the data transition (Mark-to-Space transition) 


Character synchronization is performed external to 
the terminal receiver by means of a sequence of 
comparisons between the received data and a 
synchronization code (e.g., “Syn”) or set of 
synchronization codes. The terminal receiver is 
designed to facilitate this external character 
synchronization in the following manner. When the 
“Syn” Detected input is low and the receiver is 
operating in the synchronous mode, the buffer 
storage register is “transparent” so that data can be 
monitored as it ripples through the shift register. 
After the first sync code has been detected, the 
“Syn” Detected signal is applied, which returns the 
buffer storage register to its normal mode of opera¬ 
tion and initializes the character counter. The 
second character in the sync detection sequence is 
then transferred automatically to the buffer 
storage register when complete. This character is 
then accessed for verification as a sync code. The 
process is repeated until it has been determined 
that character synchronization has been achieved. 
(If the required sync code is not present in the 
buffer storage register during the synchronization 
comparison, the “Syn” Detected signal is removed 
and the process starts over.) Once the synchroniza¬ 
tion sequence is complete, the external sync com¬ 
parison logic is disabled and the incoming data 
message is processed as data. 

As the character shifts through the shift register 
(bypassing the Stop bit flip-flop), parity for the 
character is accumulated. The resulting parity bit 
condition is compared with correct parity (odd or 
even) and, in the case of error, Parity Error is 
stored in the receiver status register. 

When the character is transferred to the buffer 
storage register, a Buffer Full signal is stored in the 
receiver status register. If the transfer occurs during 
a full buffer condition, the old character is lost and 
an error signal called Overrun is stored in the 


Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont) 
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receiver status register. The receiver status informa¬ 
tion is retained throughout the character time until 
a new character is received and a new status word 
is stored. 

The access of data in the buffer storage register by 
means of the Data Strobe resets the buffer status 
output, indicating that the last character stored in 
the buffer storage register has been taken by the 
system. 

The internal clock generator divides the bit time 
for each data bit into 16 or 64 segments depending 
upon the externally selected ratio. A single cycle of 
the oscillator input signal is gated out of the clock 
generator at the center of a bit. This pulse is the 
internal clock signal which samples the data and 
provides the internal timing for the entire terminal 
receiver. The clock generator and synchronization 
circuitry can be bypassed by a low level on both 
the ~\6 Enable and the ^64 Enable. In this case, 
the oscillator input signal becomes the internal 
clock. 

A master reset is provided by means of these same 
two clock enable lines. When both the ^-16 Enable 
and the 64 Enable are at a high level, the chip is 
held in a master reset condition. 


INPUTS 

All inputs are internally compensated (20 k 12 to 
Vss f° r improved compatibility with TTL. The 
internal compensation biases unused inputs to V§g 
(high state). 

Data Input — The serial data from the modem or 
other sources is entered into the Terminal Receiver 
by means of this terminal. The data is not inverted 
within the receiver and appears at the output in the 
same sense as it enters. 

Data Strobe — The Buffer Storage latches are sam¬ 
pled whenever a high level is applied to the Data 
Strobe input. The Data Strobe may be maintained 
in the high state. 

Status Enable — The latches of the Receiver Status 
Register are sampled whenever a high level is 


applied to the Status Enable line. The Status 
Enable may be maintained in the high state. 

Even/Odd Parity — A high level on the Even/Odd 
Parity input causes a check for an even number of 
high-level data bits, including the parity bit. A low 
level checks for odd parity in a similar manner. 
There is no provision to inhibit the Parity Check 
logic for “no parity” data transmission. 

Word Length Selector — Two input lines (X, Y) are 
provided to define the character bit length. A char¬ 
acter always appears at the output in a right justi¬ 
fied bit position for the selected word lengths. The 
following table shows the character length for each 
input combination. 


X 

Y 

WORD LENGTH (INCLUDING 
PARITY, IF APPLICABLE) 

1 

1 

8 bits 

0 

1 

7 bits 

1 

0 

6 bits 

0 

0 

5 bits 


-H6 and j-64 Counter Enables - These two inputs 
provide a means of producing the internal clock 
from an oscillator that is either 16 or 64 times the 
bit rate. Provision is also made to bring the already 
synchronized clock from a source such as a modem 
into the Terminal Receiver to act as the internal 
clock. Available options are shown in the following 
table. 


-H6 

^64 

OSCILLATOR FREQUENCY AT 
THE EXTERNAL CLOCK INPUT 

0 

0 

= Bit Rate 

1 

0 

= 16 x Bit Rate 

0 

1 

= 64 x Bit Rate 

1 

1 

Master Reset 


External Cl ock Input — This is the oscillator input 
that controls the transmission rate of the Terminal 
Receiver. 
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Asynchronous/Synchronous Mode — A high level 
on the Asynchronous/Synchronous Mode input 
enables the device for operation in the asynchro¬ 
nous mode using control bits (START and STOP). 
The START bit is used to indicate the presence of 
a character and for synchronization of the internal 
clock with the character. The presence of a STOP 
bit verifies character synchronization. 

A low level on this input enables the device for 
synchronous operation and disables all asynchro¬ 
nous logic. In the -fl6 or ~6>4 modes, a transition 
monitor samples each “Mark-to-Space” transition 
of the data, compares the -f 16/—64 clock counter 
state with the preferred coincidence state, and 
incrementally adjusts one-half clock step toward 
correct bit synchronization. In the -fl mode, bit 
synchronization must be accomplished externally. 
Character synchronization is handled externally by 
detecting a series of sync characters (e.g., “SYN”). 

“Syn” Detected (Synchronous Mode only) — A 
low level on this line holds the Buffer Storage 
Register latches open so that data ripples across the 
outputs to permit external detection of sync codes 
on the receiver outputs. The transition to a high 
level indicates to the receiver that external logic 
has determined character sync. A high level on this 
input enables the system to operate in the synchro¬ 
nous mode by cycling in synchronization with each 
character. 

OUTPUTS 

All used outputs require external pulldown 
resistors. For TTL interfacing with a fan-out of one 
(1), Rl = 6.8 k£2 ±5% (see Figure 1). 

D ata Outputs — Data is transferred to the eight 
parallel open-drain outputs from the Buffer 
Storage Register latches. The outputs are enabled 
by an input signal to the Data Strobe input and 
provide bussing capability. For character lengths of 
5 to 8 bits, data appears in a right justified posi¬ 
tion. 


Serial Output — The data being shifted into the 
shift register is simultaneously available at the 
Serial Output. This provides a means for externally 
accumulating longitudinal parity. 


Receiver Status Outputs - Status information is 
provided by means of four open-drain outputs. 
These outputs are enabled by the Status Enable 
input for bussing capability. The functions of these 
Status outputs are: 

1. Buffer Full — This output shows that a 
character is in the Buffer Storage latches and has 
not been sampled at the eight data outputs by 
using the Data Strobe input. The Data Strobe sig¬ 
nal automatically resets the Buffer Full output. If 
the Data Strobe input is maintained in the high 
state, the Buffer Full output appears as a pulse. 

2. Overrun — This output provides an indica¬ 
tion that two or more characters have been trans¬ 
ferred into the Buffer Storage Register latches in 
succession without an intervening sampling of the 
buffer contents by use of the Data Strobe. This 
means that at least one character has been lost. Use 
of the Data Strobe removes this indicator after the 
transfer of the next character into the Buffer 
Storage Register. 

3. Parity Error — Incorrect parity for a par¬ 
ticular character causes an error signal (high level) 
to be generated and made available at the Parity 
Error output for the period that the character is 
present in the Buffer Storage Register. 

4. Break (Asynchronous Mode only) — The 
absence of a STOP bit following the character 
causes a Break signal to be stored in the Receiver 
Status Register for the character time. 

Clock Output — The internal clock that has been 
synchronized with the data is available for external 
use by means of this output. 


Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont) 
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Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont) 































48 4A 4Y 3B 3A 3Y 

14 13 12 11 10 9 8 



Figure E-40. Quadruple Two-Input NAND Gate (7904292) 




DESCRIPTION 



This integrated circuit contains six inverter circuits. A positive input (A) results in a 
negative output (Y). A negative input results in a positive output. 


Figure E-41. Hex Inverter (7904293) 
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1 2 3 4 5 6 7 

CLEAR D CLOCK PRESET Q _ 


DESCRIPTION This integrated circuit contains two D type flip-flops with direct clear and preset inputs 

_ and both q anc j q ou tp U ts. Information at the D input is transferred to the outputs on 

the positive edge of the clock pulse. The function table shows the outputs for each 
input. The preset and clear inputs are independent of the clock. A low on the preset 
input sets Q to a high. A low on the clear input sets Q to a low. A low on both inputs 
sets Q and Q to a high. This is an unstable condition. 



L = Low voltage level (steady state) 

H = High voltage level (steady state) 

X = Irrelevant 

t = Transition from low to high level 

Qo = The level of Q before the indicated input conditions were established 

* = This configuration is not stable; that is, it will not persist when preset 

and clear inputs return to their inactive (high) level. 

Figure E-43. Flip-Flop, Dual D (7904298) 
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DESCRIPTION 




G F E D C A 

7 6 5 4 3 2 1 



Y (LOW) = AB+C D + E F-G + H I+X + X 


This integrated circuit contains an inverting OR gate which has three two-input AND 
gates and one three-input AND gate for inputs. The output (Y) of the OR gate is low 
when at least one of the AND gate outputs is high. The AND gate output will be high 
when all the inputs to the AND gate (A and B, or C and D, or E, F, and G, or H and I) 
are high. The output of the OR gate will also be low when the X input to the gate is 
high or the X input is low. 


Figure E-44. Single 2-2-2-3 Input AND-OR Inverter (7904418) 
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Y (LOW) = A + B 


DESCRIPTION 


This integrated circuit contains four two-input inverting OR gates. The output (Y) will 
be low when either or both inputs (A and B) are high. Pin 9 is an inverted signal of pin 


15. 


Figure E-45. Quadruple Two-Input NOR (7904474) 
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DESCRIPTION 


TRUTH TABLE 
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Y = A ■ B 


15 16 

4Y 


This integrated circuit contains four TTL TO ECL translators. The output (Y) will be 
high when both inputs (A and B) to the AND gate are high. At the same time the 
output (Y) will be low. 


INPUT 

OUT 

PUT 

D 

B 

Y 

Y 

L 
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L 
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L 
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L 
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L 
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H 
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H 
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L = Low voltage 
H = High voltage 


Figure E-46. Translator-Quad, TTL to ECL (7904477) 












DESCRIPTION 


2B 2A 2Y 1Y IB 1A VBB 

8 7 6 5 4 3 2 1 



Y = A + B 


This integrated circuit contains four ECL to TTL translators. Either input A or B will 
be connected to the translator. If A is connected, the output (Y) is high when the 
input (A) is low. If B is connected, the output (Y) is high when the input (B) is high. 
The VBB bins voltage input at pin 1 is intended for use of the circuit as a Schmitt 
trigger; it is not used in the DPS. 


Figure E-47. Translator-Quad, ECL to TTL (7904478) 
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A2 B2 C2 A3 B3 C3 Y3 VCC2 


DESCRIPTION This integrated circuit contains three inverting OR gates. Two of the OR gates have 

- three inputs and the other one has four inputs. A high signal on any or all of the inputs 

(A, B, C, D) to a gate produces a low output (Y) from that gate. 


Figure E-48. Triple 4-3-3 Input NOR Gate (7904706) 
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VEE B2 A2 B1 A1 Y2 Y1 VCC1 



VBB A3 B3 A4 B4 Y3 Y4 VCC2 

9 10 11 12 13 14 15 16 


DESCRIPTION This integrated circuit contains four line receivers. The line receiver produces an output 
(Y) when it senses a differential voltage on the inputs (A and B). The VBB bias voltage 
input at pin 1 is intended for use of the circuit as a Schmitt trigger; it is not used in the 
DPS. 


Figure E-49. Quadruple Line Receiver (7904707) 
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DESCRIPTION 



9 10 11 12 13 


14 15 16 


This integrated circuit is a dual master-slave dc coupled J-K flip-flop. Asynchronous 
set (S) and reset (R) are provided. The set and reset inputs override the clock. 

A common clock is provided with separate J-K inputs. When the clock is static, the J-K 
inputs do not affect the output. 

The output states of the flip-flop change on the positive transition of the clock. 


TRUTH TABLE (R-S) 
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L = Low voltage 
H = High voltage 
ND - = Not defined 
Qn = Output 
Qn = Inverted output 

Figure E-50. 


TRUTH TABLE (J-K) 
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Output states change on 
positive transition of clock 
for J. K input condition 
present. 


Dual J-K Master Slave Flip-Flop (7904708) 
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ENABLE SELECT INPUT DATA OUTPUTS 


H = High Level 
L = Low Level 
X = Irrelevant 


Figure E-51. Dual 2 to 4 Line Decoder (7904773) 
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DESCRIPTION 


2C 28 2A 2V 

14 13 12 11 io 9 8 



2D 1A IB 1C ID 1Y 

Y (LOW) = A • B + C ■ D NC = NO CONNECTION 


This integrated circuit contains two two-input inverting OR gates. The input to the 
inverting OR gates are two two-input AND gates. The inverting OR gate output (Y) is 
low when both inputs (A and B, or C and D) to either AND gate are high. 


Figure E-52. Dual AND-OR Inverter Gate (7904774) 
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GLOSSARY OF TERMS AND ABBREVIATIONS 


TERM 

ADRS 

ADV 

ALU 


Asynchronous 


DEFINITION 


Address 

Advance 

Arithmetic/Logic Unit: An adder that is also capable 
of performing logic functions. 

Not Synchronous 


BAP 


Buffer Address Pointer 


Baud The number of code elements per second. 

BCW Buffer Control Word 


bps 


Bits per second 


Breakpoint A point for breaking off program operation. The DPS 

stops upon reaching any address placed into the break¬ 
point register. 

byte A group of bits handled as a unit; DPS words may be 

handled as two 8-bit bytes. 


C 


Centigrade 


CAP 


Chain Address Pointer 


Chip 


CLK 


An integrated circuit semiconductor device. Usually 
refers to the complete package, although theoretically 
referring to the semiconductor device within the package. 

Clock 


CLR 

CM 

CORDIC 
CP/10 


Clear 

Control Memory 

Coordinate Rotation Digital Computer; a technique for 
handling trigonometric and hyperbolic computations. 

Central Processor and Input-Output sections of the DPS. 


'dDIP Dual-in-line package; a rectangular semiconductor 

package with leads arranged in two parallel rows. 

DMA Direct Memory Access 


Glossary 1 



GLOSSARY OF TERMS AND ABBREVIATIONS (CONT) 
TERM DEFINITION 

DPS Data Processing Set 

DSPL Display 


ECW 

EFA 

EFR 

EIA 

EIE 

EIR 

Emulator 

EN 

ESA 

ExOR 


Emulator Control Word 
External Function Acknowledge 
External Function Request 
Electronics Industries Association 
External Interrupt Enable 
External Interrupt Request 

The portion of a microprogram controlled processor that 
adapts it to perform specific functions. 

Enable 

Externally Specified Address 
Exclusive OR 


F 

F-field 

Firmware 

Full Duplex 

GENL 


Fahrenheit 

Format code field of macroinstruction word or function 
code field of microinstruction word. 

Unchangeable internal program; distinguished from 
hardware or changeable software. 

Data transmission in both directions simultaneously. 
General 


Half Duplex 

Hz 


Data transmission in only one direction at a time; 
also called simplex. 

Hertz: cycles per second 


IAW 

IC 


Indirect Address Word 
Integrated Circuit 


Glossary 2 



GLOSSARY OF TERMS AND ABBREVIATIONS (CONT) 


TERM 

DEFINITION 

IC Channel 

Intercomputer Channel 

IDA 

Input Data Acknowledge 

I DR 

Input Data Request 

IECF 

Input Enable Control Frame 

Indirect Addressing 

A scheme in which a referenced address contains a 
coded word causing the referencing of another address. 

INST or INSTR 

Ins truction 

I/O 

Input/Output 

IOC 

Input/Output Controller 

IRCF 

Input Request Control Frame 

LED 

Light Emitting Diode 

LRI 

Lowest Replaceable Item 

LSB 

Least Significant Bit 

MA CLR 

Master Clear 

Macro Instruction 

Instruction used by processor/emulator. 

Macroprogram 

Program of macro instructions stored in main memory. 

Micro Instruction 

Instruction used by MPC, 

Microprogram 

Program of micro instructions stored in micro memory. 

MPC 

Microprogrammed Controller 

ms 

Millisecond: ^OOO seconc * 

MSB 

Most Significant Bit 

NDRO 

Nondestructive Readout Memory 

Nj)OP 

No Operation 

Normalize 

To scale the mantissa of a floating point quantity so 
the first significant bit adjoins the sign bit and 
adjust the exponent accordingly. 


Glossary 3 



GLOSSARY OF TERMS AND ABBREVIATIONS (CONT) 


TERM 

ns 

NTDS 

ODA 

ODR 

OECF 

ORCF 


DEFINITION 

Nanosecond: x ^00,000,000 second 
Naval Tactical Data System 

Output Data Acknowledge 
Output Data Request 
Output Enable Control Frame 
Output Request Control Frame 


Paging A system of virtual memory or relative memory address¬ 

ing in which the memory is divided into groups of 
addresses called pages which may be interchanged under 
program control. 

P Register Program Address Register 


PROM 


Programmable Read Only Memory 


PT 


Point 


Real Time 

A term applied to processing operations that 
interrupted or controlled by events outside 
and that can react with sufficient speed to 
control the external events. 

can be 
the system, 
analyze or 

Reg 

Register 


ROM 

Read Only Memory 


RTC 

Real Time Clock 



Scale See Normalize 

Simplex Transmission in one direction only; also called half 

duplex. 

Software Data Processing Programs 

Sync See Synchronous 

Synchronous Operating at a clocked rate. 


Glossary 4 



GLOSSARY OF TERMS AND ABBREVIATIONS (CONT) 


TERM DEFINITION 

TM Transfer Mode 

TP Test Point 


P 1 

pMem 

pP 

|J,S 


Micro Instruction 
Micro Memory 
Micro Program 

Microsecond: y- qq^~q q q second 


Virtual Memory 
(also called 
relative addressing) 


A memory addressing system in which programs or data 
may be placed in different addresses, but appear to the 
program as though they were located in the true (virtual) 
addresses. Usually accomplished by modifying the ad¬ 
dress with a changeable base address. See paging. 
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